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BONE CONDUCTION IN AUDIOMETRY. 


(1) LITERATURE REVIEW AND REPORT OF 
PRELIMINARY OBSERVATIONS.* 


Dr. BEN H. SENTURIA and ALFRED R. THEA, M.S., St. Louis. 


During the past few years there has been considerable 
controversy in the literature over the true réle of bone con- 
duction in hearing and the adequacy of present methods of 
testing the degree of bone conducted sounds. Numerous inves- 
tigations and various testing methods have been attempted, 


but standardization has been difficult to obtain. We feel that 
previous investigations have failed to give uniform results 
because their scope has been too limited, or conditions under 
which the tests were performed have not been ideal. It is our 
purpuse, therefore, to appraise our own methods and tech- 
nique for the testing of hearing. 


Accordingly, during the past year, at the Oscar Johnson 
Institute and Central Institute for the Deaf, not only audio- 
metric air conduction curves and fork tests but also compre- 
hensive bone conduction curves have been included in our 
routine otologic examinations. A determination of normals 
on three different audiometers was undertaken, and bone con- 
duction tests on several hundred private and clinic patients 
performed. Although similar work has been done by other 
workers, none of them have prepared comprehensive normal 
curves under soundproof conditions. Many erroneous con- 
cepts have resulted from the lack of controlled conditions of 
clinical experimentation, particularly regarding the so-called 


; *From the Department of Otolaryngology, Washington University Medical 
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prolonged, as well as the more significant decreased bone 
conductivity. 


REVIEW OF LITERATURE. 


The introduction of the audiometer and its bone conduction 
receiver rendered the approach to the problem more scien- 
tific. In 1923, Pohlman and Kranz presented a new 
instrument for testing the transmission of bone conducted 
sounds. They established the following requirements of such 
an instrument: 


1. Must be possible to deliver the energy to the bone on a 
series of graded intensities. 


2. Must maintain a given pitch and given intensity for an 
indefinite period of time. 


3. Any given intensity must be accurately reproducible. 
4. Must be easily standardized, transported, etc. 


In 1925," this instrument was described as a modified tele- 
phone receiver activated by alternating electrical currents 
from a vacuum tube electric oscillator. Tones of any fre- 
quency desired could be produced by this arrangement. The 
usual diaprhagm of the telephone receiver was removed and a 
heavy strip of iron was used to span the poles. A projecting 
rod with a flat plate which could be applied to the head was 
then attached to this strip. By this means a considerable 
force with comparatively small amplitude was provided, thus 
permitting pressure of the plate against the head without 
materially disturbing the adjustment or relation of the bar 
to the magnets. The intensity could then be varied by use 
of electrical resistance, and with the proper arrangement the 
changes produced in the intensity of the excitation plates 
were known. Five frequency ranges covering slightly less 
than an octave each were used, the tonal ranges extending 
from 256 to approximately 3,300 cycles per second. 


Knudsen and Jones*' described a similar bone conduction 
receiver developed for their audio-amplifier. With this appa- 
ratus, the sensitivity of hearing by bone conduction was 
measured directly by determining the amount of vibration 
when the bone transmitted sound was reduced to the thresh- 
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old of audibility. These workers established their “norms” 
from six patients (12 ears) who had normal air conduction. 


If it can be assumed that the sound heard at threshold 
from a bone conduction receiver reaches the ear exclusively 
by means of an osseous pathway, as suggested by Stephens 
and Davis,** a bone conduction audiometer can be empirically 
calibrated. If normals are first determined on any given 
audiometer, then the loss of hearing in abnormal ears can be 
measured in terms of the amount by which the power deliv- 
ered to the receiver must be augmented. In the report of the 
Committee on Methods of Testing Hearing by Bone Conduc- 
tion,’ it was noted that there was no assurance that any of 
the bone conduction receivers would hold calibration for a 
period of years. Bone conduction receivers of the same make 
and model may generate different amounts of acoustic energy 
for the same flow of current. Furthermore, the Committee 
postulated the belief that normal hearing individuals can hear 
by air conduction when the sound is at threshold intensity 
for bone conduction and that the use of lower frequencies for 
bone conduction tests was limited by the factor of tactile 
sensitivity. 


Despite the advances made with this new technique for 
studying bone transmitted sounds, the route by which bone 
conducted sounds reach the cochlea remains a moot question. 
Wiitmaack* postulated the theory of transmission via the 
ossicular chain. Bezold’ believed that both air condycted and 
bone conducted sounds were transmitted either through the 
footplate of the stapes or the tympanic membrane. Politzer** 
postulated a direct osseous pathway. Fowler® suggested two 
possible routes; i.e., one directly through the solid structures, 
the other through the solid structures and then to the exter- 
nal auditory meatus and finally through the ossicular chain. 
Hughson, et al.,"° agreed that both pathways may be of impor- 
tance and found in their experimental animals that the con- 
ducting mechanism played an important role in transmitting 
bone conduction stimuli. Guild'* demonstrated a loss of bone 
conduction with fracture of the “subaditus trabeculae,” hence 
favored the direct osseous pathway. Pohlman and Kranz* 
listed seven possible routes and Hulka'* discussed four. 


5ekesy* showed experimentally that both air conduction and 
bone conduction cause similar movements of the endelymphatic 
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fluid and of the basilar membrane. From his evidence he con- 
cluded that an osseous rather than an osseotympanic pathway 
was the more important for the transmission of bone con- 
ducted sound. Wever and Bray,” in separating the incudo- 
stapedial joint, showed losses of 50-80 deb. for air conduction 
but showed practically no change in bone conduction. They 
concluded that the ossicular chain played only a minor role in 
bone conduction but that “air and bone conducted stimuli 
involve ultimately the same receptors in the inner ear.” 


Kobrak* pointed out that lesions of the sound conduction 
apparatus created alterations of air conduction and bone con- 
duction so that a reversal of the normal relationship may 
occur. On the other hand, inner ear lesions abolished the 
hearing for both air conduction and bone conduction. He 
showed that destruction of the crura of the stapes or plug- 
ging of one cochlear window had only a slight effect on bone 
conduction, but that filling of both the oval and round win- 
dows with plaster of paris resulted in complete failure of 
cochlear function, both for air and bone conduction. Thus, 
Kobrak demonstrated that good bone conduction is compati- 
ble with the complete absence of the ossicular chain. 


Approaching the problem from the clinical point of view, 
Keen*® discussed the end-result of 60 cases of radical mastoid- 
ectomy. Using only tuning forks, an increase in bone conduc- 
tion was found in all except three cases, showing that air 
conduction and bone conduction sounds are transmitted by 
different routes. Hallpike’* found little variation from the 
normal when such tests were made in the “silence room.” 


Hulka’™ pointed out the discrepancy arising from com- 
paring the results obtained when we test with the prongs 
and then the stem of the tuning fork, since each has a dif- 
ferent initial intensity and damping constant. The audiometer 
offered a means of eliminating this difference but introduced 
the problem of different receivers for air conduction and bone 
conduction. 


Pohlman and Kranz,’ in determining the changes in acuity 
with pressure in the external auditory canal, found that opti- 
mum results were obtained at normal air pressures, the 
acuity decreasing if the pressure was either raised or low- 
ered. Using conduction deafness cases, these authors occluded 
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the external auditory canal with dental impression wax and 
produced very little improvement at a frequency of 1,000 d.v., 
while above and below this there was a definite decrease in 
bone conduction. This is in contrast to normal patients, in 
whom there is a marked improvement of the low tones. 


These same authors** checked Wheatone’s original work by 
determining the change of bone conduction after filling the 
external auditory canal with water. The low frequencies 
offered the best results and lateralization to the water-filled 
side occurred. Since these and the pressure changes cause a 
variation in transmission of sound, it is postulated that air 
conduction and bone conduction must have, at least in part, 
an identical pathway, and some part of the external auditory 
canal or middle ear must play a roéle in bone transmitted 
sounds. 


It has been an accepted teaching for many years that in 
otosclerosis there is a prolongation of bone conduction. A 
late as 1937, Crowe* stated that he had observed variation of 
bone conduction from total loss at one examination to normal 
conduction at tests one to two years later. He indicated that 
a total loss of bone conduction does not necessarily mean irre- 
parable damage to the inner ear or nerve. 


In recent years a large volume of carefully conducted work 
has demonstrated that there is little basis for the belief that 
such a condition as increased bone conduction exists. Knud- 
sen and Jones** point out that the patient with conductive 
deafness has a marked advantage over the normally hearing 
person in the presence of noise. When retested in the sound- 
proof room the increased bone transmission in the deafened 
patient was not found. The so-called increased bone conduc- 
tion apparently resulted from the failure of the conductive 
deafened to hear the external masking noise which in normal 
ears perceptibly diminishes the hearing by bone and air 
conduction. 


Ciocco® investigated the possibility of the existence of a 
shortened bone conduction in the presence of normal air con- 
duction. Particularly interesting was his finding that there 
was no correlation between syphilis and shortened bone 
conduction. No relationship was demonstrable between the 
degree of impairment of bone conduction and sex, race, his- 
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tory of ear infection, otoscopic appearance of tympanic mem- 
brane, tinnitus, vertigo, intracranial tumors, etc. Unfortu- 
nately, routine examinations were not made in a soundproof 
room and various tuning forks were used. Fowler’ charted 
the progressive loss of bone conduction which occurred with 
age and pointed out that good bone conduction exists at 
256 d.v. throughout all the decades, with some drop occurring 
at 1,024 d.v. and a sharp drop at 4,096 d.v. Guild” v.1s 
unable to find any cases of total loss of bone conduction with- 
out a simultaneous loss of air conduction. Shambaugh* and 
Knudsen and Jones** gave complete bone conduction curves 
which substantiated these findings. 


The greatest problem in routine bone conduction tests is 
that of elimination of noise. The Fowlers,'* in attempting 
routine testing in a large ward, made allowance for this dis- 
traction. Knudsen and Jones,** comparing hearing in their 
offices and in the soundproof chamber, found a 12 to 15 per 
cent improvement in the soundproof room. Hallpike,'* Sham- 
baugh, Jr.,** and Kobrak, et al.,** all agreed that only in the 
silence of a soundproof chamber can true tests of bone con- 
duction be performed. 


When a vibrating fork is held on the skull, sound waves 
are conducted in all directions. Because of this excellent 
transmission, some form of adequate masking of the untested 
ear becomes necessary. The Committee on Methods of Test- 
ing Hearing by Bone Conduction advised the masking of each 
ear while the other is being tested and suggested 65 dcb. of 
masking noise be selected as the level at which no impairment 
of the threshold of the other ear will occur. Four simple 
and inexpensive procedures for masking are given. Hulka’® 
describes a combination of electric buzzer and current of air 
which he considers necessary for complete masking. 


OBSERVATIONS. 


In this study the original Western Electric 1A, Western 
Electric 6B and the Maico D5 audiometers have been avail- 
able for comparison. All tests were performed in soundproof 
rooms with the bone conduction receiver placed over the mas- 
toid process. Masking of the opposite ear was satisfactorily 
obtained from the Maico instrument and from a battery set 
producing a complex noise of approximately 60 deb. The 
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range of tones tested varied with the machine, as seen in 
the accompanying charts. The 1A instrument permitted 
testing of the entire range, the others being more limited. 
Since vibrations were felt below 256 d.v. and some confusion 
resulted, no tests were made below this point. The tone 8,192 
d.v. could be obtained readily on the 1A and 6B apparatus 
only. 


In order to avoid confusion arising from the various tech- 
niques used in each instrument for the establishment of a 
straight line minimum audibility curve, readings were made 
directly from each calibrated dial without resorting to “cor- 
rected” readings or special dials. No difficulty arose over the 
direct transmission of sounds from the bone conduction instru- 
ment by way of air conduction. When the threshold for bone 
conducted sound was reached the air conducted sound was 
below the threshold for hearing by air. This was true in all 
cases, since at no time was a loss of bone conduction found 
without some accompanying loss of air conduction. 


To serve as a base line, 12 patients with negative histories 
and negative otologic findings and showing normal air con- 
duction curves were tested on each instrument. Subsequently, 
several hundred audiometric tests were performed, many of 
which conformed to these curves. Normal curves for each 
audiometer are seen in the accompanying audiograms. On 
the Maico D5 instrument there is always a slight rise at both 
ends of the curve with the center tones forming a flat base 
(see Fig. 1). The Western Electric 1A demonstrates a pro- 
gressive rise in the upper ranges with flattening in the lower 
portion of the curve (see Fig. 2). The Western Electric 6B 
forms an irregular “V,” the left arm of which rises at a 
slightly sharper angle than the right (see Fig. 3). On the 
D5 and 6B instruments variations up to 10 deb. from the nor- 
mal occurred, influenced by such factors as the alertness of 
the patient, the pressure of the bone conduction instrument 
against the mastoid process, intelligence quotient of the sub- 
ject and fatigue. The greater bulk and weight and therefore 
the difficulty of manipulation of the 1A bone conduction 
instrument may account for the increased variation obtained 
with this audiometer. 


The present series of pathological cases may be grouped 
into three main categories: 1. nerve type or perceptive 
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lesions; 2. conduction type lesions (including otosclerotics) ; 
and 3. postoperative cases. An attempt is made to analyze 
the bone conduction curves in their relationship to both the 
air conduction and the normal bone conduction curves. Sam- 
ple audiograms included are illustrative of the cases tested 
with the D5 instrument; therefore, the average normal curve 
in these cases is that obtained with the same instrument. 


As might be expected, the greatest variation from normal 
bone conduction occurred in perceptive or nerve-type cases. 
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Fig 1. Normal bone conduction curve for the Maico D5 audiometer show- 
ing 5-10 deb. variation in response. 

Fig. 2. Normal bone conduction curve for Western 1A audiometer showing 
range from 256 d.v. to 8,192 d.v. but demonstrating 5-20 deb. variation in 


response. 
Fig. 3. Normal bone conduction curve for the Western Electric 6B audi- 


ometer, which includes test for 8,192 d.v. and shows 5-10 deb. variation in 
response, 


Throughout the entire range there is an average 15-35 dcb. 
loss from the norm, the bone conduction curve roughly follow- 
ing the shape of the air conduction curve and diverging far- 
ther from normal in the higher frequencies (see Fig. 4). The 
most frequent and greatest loss occurred at 2,048 and 4,096 
d.v., while in a surprisingly large number of cases the lower 
tones remained within normal limits. 
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In syphilitics showing a nerve type air conduction curve, a 
striking exception was observed (see Fig. 5). The bone con- 
duction tones 256 d.v. and 512 d.v. were either greatly 
depressed or completely absent, with only moderate reduction 
in the acuity for middle and high tones. Further investiga- 
tion of the correlation of hearing loss with specific luetic 
lesions is being undertaken, since this finding may be impor- 
tant as a differential point in the establishment of criteria 
for the diagnosis of deafness of luetic origin. 
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Fig. 4. Sample bone conduction curve for nerve type or perceptive lesion 
showing variations of 15 to 30 deb. from the normal throughout the curve, 
and increasing in the upper tones, Complete absence of response at 2,048 d.v. 
and 4,096 d.v. 


Fig. 5. Sample curve showing marked low tone loss in case of congenital 
syphilis. Tones 256 d.v. and 512 d.v. were not obtainable. 


Fig. 6. Average curve for conduction deafness cases showing little devia- 
tion from the normal except at 2,048 d.v. 


Fig. 7. Average bone conduction curve in postoperative radical mastoid- 


ectomies, showing marked deviation from normal in high tones with slight 
variation in lower range. 


In the group of cases of conduction deafness are repeated 
examples of moderate to severe air conduction losses with 
excellent bone conduction response. A large proportion of 
these are typical otosclerotics while the remainder are 
necessarily classified as cases of hyperplastic otitis media. 
Unequivocal conclusions cannot be drawn from our observa- 
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tions, yet an early transition from the pure conduction deaf- 
ness to that of the mixed type of deafness is frequently 
observed in the bone conduction curves. 


The controversy regarding the increase in bone conduction 
acuity in otosclerosis is by no means settled. Conclusion: 
have frequently been drawn from results obtained when 
incomplete tests were performed. Findings in this series of 
cases show little change in the low tones and a slight decrease 
in the high tones. For example, examination of Fig. 6 reveals 
that if testing was done with only a 512 d.v. fork it would 
appear that hearing by bone in otosclerosis is normal, where- 
as tests with only a 2,048 d.v. fork would show a slight 
decrease in acuity. 


Many erroneous conclusions also arise from the lack of 
careful and comprehensive examination of postoperative 
patients. A few cases of radical mastoidectomies show nor- 
mal bone conduction curves. More frequently, however, there 
is a history of long standing mastoiditis with a marked pre- 
operative bone conduction loss and little change in our find- 
ings in the postoperative course. An average of our 
operated cases (see Fig. 7) shows that normal bone conduc- 
tion responses are obtained when only low forks are used, but 
reveals losses of as much as 20 deb. when the high frequencies 
are tested. Noteworthy was the consistent drop at 2,048 d.v. 
and the resistance to change at 1,024 d.v. in many of our post- 
operative radical mastoidectomies. 


The evidence herein presented indicates that uncomplicated 
perforation of the membrana tympani has no effect on the 
transmission of bone conducted sounds. A slight reduction 
throughout the curves is apparent in most of our cases and 
parallels the normal curve. A similar loss is present in cases 
of allergic rhinitis accompanied by severe nasal obstruction. 


From these observations covering a large series of cases 
conclusions may be drawn favoring the theory which postu- 
lates that the external auditory canal, tympanic membrane, 
tympanum or its contained structures contribute little or 
nothing to the appreciation of bone transmitted sound. 


If testing is carried on by trained personnel and under 
soundproof conditions, consistent results are obtainable; and 
if the audiometer is calibrated and checked at frequent inter- 
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vals, accurate interpretation can be made. Detailed and quan- 
titative comparisons of the results of one audiometer with 
that of another is obviously impossible at the present time. 
For accurate diagnosis a careful survey of the entire bone 
conduction range from 256 d.v. to 4,096 d.v. should be obtained 
and compared with the calibrated normal curve. For practi- 
cal purposes the tones 512 d.v., 2,048 d.v. and 4,096 d.v. offer 
a satisfactory sampling of bone transmitted sound; however, 
in the light of the more recent work on high tone losses in 
children careful observations of the upper tonal range appear 
desirable. 


CONCLUSIONS. 


1. There is a definite discrepancy among the bone con- 
duction curves obtained from various makes of audiometers. 
A “normal” curve obtained on each instrument must be made 
and checked periodically. 


2. A soundproof room is essential. Inaccurate allowances 
and compensations for noise invariably lead to erroneous 
interpretation. 


3. Complete bone conduction curves from 256 d.v. to 8,192 
d.v. are desirable. For practical purposes the tones 512 d.v., 
2,048 d.v. and 4,096 d.v. furnish a satisfactory sampling of 
bone transmitted sound. 


4. Bone conduction curves give a more direct picture of 
cochlear function than air conduction curves. 


5. The use of a single frequency or one tuning fork for 
bone conduction interpretation may yield serious errors. 


6. Decrease of bone conduction in the high tones parallel 
the air conduction loss occurring with increasing age and 
accompanying pathological changes. 

7. Otosclerotic curves show only slight deviation from the 


normal bone conduction curves. 


8. Tympanic perforations, severe purulent nasal obstruc- 
tion and allergic rhinitis have little effect on bone conduction. 


9. The most vulnerable portion of the bone conduction 
curve appears to be located at 4,096 d.v.; the most resistant 
below 1,024 d.v. 
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10. Evidence is presented which favors the theory of direct 
osseous transmission of bone conducted sound. 
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ACUTE SUPPURATIVE MASTOIDITIS IN GERIATRICS. 
Dr. J. BROWN FARRIOR, Ann Arbor, Mich. 


Acute suppurative mastoiditis is an insidious disease in 
elderly individuals. The clinical manifestations are often 
minimal, complications are frequent and the mortality rate 
is relatively high. In this age group the clinical course of the 
disease is influenced by the anatomy of the mastoid air cells, 
the type of invading organism and the reaction of the host 
to the infection. These factors and the clinical manifesta- 
tions of acute suppurative mastoiditis are here compared in 
38 consecutive surgical cases of acute suppurative mastoiditis 
in 36 individuals over 60 years of age. 


ANATOMY. 


Comparison of the operative findings and Roentgen exami- 
nation reveal that all of the mastoids were of the pneumatic 
type. In 27 of the 38 cases reviewed the pneumatization was 
extensive; in 11 cases the mastoid was less well pneumatized ; 
e.g., the mastoid cells did not extend posterior to the sigmoid 
sinus or more than 4 mm. into the zygoma. The mastoid 
cortex was frequently thick and sclerotic (see Fig. 1A), 
favoring medial extension of the infectious process. All of 
the mastoids were of the large cell type, in which localized 
abscess formation is prone to occur; 16 such abscesses were 
localized deep in the medial wall of the mastoid cavity behind 
the facial nerve and below the labyrinth. The high incidence 
of these abscesses localized deep in the mastoid demands par- 
ticularly descriptions of the anatomy of that area, the infra- 
labyrinthine area and cells. 


The infralabyrinthine cell group occupies the position deen 
in the floor of the mastoid cavity between the sigmoid sinus 
and the facial nerve. The infralabyrinthine cells may develop 
by medial extension of cells from the floor of the mastoid 
cavity (retrofacial cells) or by posterior and medial exten- 
sion of cells from the hypotympanum (hypotympanic cells) 
(Almour). Situated inferior to the labyrinth (see Fig. 1), 


Editor's Note: This ms. received in Laryngoscope Office and accepted for 
publication, June 22, 1942. 
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this cell group is separated from many important structures 
only by a thin layer of lamellated bone (see Fig. 2). Ante- 
riorly, from without inward, along the axis of the petrous 
pryamid these cells are in close relationship with the facial 
nerve, the hypotympanum, the cochlea and the carotid artery. 


LABYRINTH 





APICAL 
THICK CELLS 


CORTEX 


INFRA - LABYRINTHINE 
(RETRO FACIAL) 
CELLS 


Fig. 1. Vertical longitudinal sections of temporal bone taken through the 
retrofacial area demonstrate the medial extension of cellular structure into 
the perilabyrinthine portion of the petrous pyramid. 


POSTERIOR 

SEMICIRCULAR TYMPANIC 
CANAL CAVITY 
GROOVE FOR FACIAL NERVE 


SIGMOID SINUS 





POSTERIOR ANTERIOR 
RETROFACIAL 
CELLS 
Fig. 2. The transverse section of the temporal bone through the vertical 


course of the facia] nerve demonstrates the intimate relationship of the 
infralabyrinthine cells to the surrounding structures. 


Posteriorly are the sigmoid sinus and the cerebellar dura. 
Inferiorly are the soft tissues of the neck. The superficial 
boundary of this cell group is formed by the facial nerve and 
the digastric crest. Medially (see Fig. 3) the infralabyrinth- 
ine cells are in intimate relationship with the jugular bulb, 
and cells may extend anterior to these structures and postero- 
inferior to the basal turn of the cochlea, to pneumatize the 
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apex of the petrous pyramid. Because of the relationship of 
these cells to the surrounding structures, infralabyrinthine 
(retrofacial) abscess formation is likely to produce involve- 
ment of the facial nerve, sigmoid sinus, jugular bulb, cere- 
bellar dura, cerebellum and the soft tissues of the neck. As 
these abscesses are medial to the horizontal semicircular 
canal, in the perilabyrinthine portion of the petrous pyramid. 
they may be classified as posterior petrositis. 


PATHOGENESIS. 


Acute suppurative otitis media in this age group is com- 
plicated by a high incidence of surgical mastoiditis. In a 
statistical study of 1,514 cases of acute suppurative otitis 
media, Maxwell and Brownell found that only 1.7 per cent of 


INTERNAL EAR 





JUGULAR - —~ CAROTID 
BULB ARTERY 
POSTERIOR ANTERIOR 


INFRA-LABY RINTHINE 
(RETRO- FACIAL) 
CELLS 


Fig. 3. A transverse section of the petrous pyramid through the jugular 
bulb and carotid artery demonstrates the medial extension toward the 
petrous apex. 


cases occurred in individuals over 60 years of age; however, 
of these cases of acute suppurative otitis media, 73.2 per cent 
developed surgical mastoiditis. 


eon. CETTE ORT ge ~7-—* 


ake SE ET TP Se eee | | 

The cellularity of the mastoid and the type of invading 
organism influence this high incidence of surgical mastoiditis. 
Lierle and Potter state that the pneumatic type of mastoid 
with normal thin lining lends itself more quickly to rapid 
bone destruction. The localization of this bone destruction is 
dependent upon the position of the air cell or air cell group 
in which the orifice is effectively blocked by the inflammatory 
edema. In this study, 34 cases revealed localized abscess 
formation with varying degrees of coalescence. Four cases, 
operated upon 12 to 21 days after the onset of symptoms, 
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revealed periantral destruction with diffuse suppuration of 
the mastoid air cells but no localized abscess formation 
within the mastoid cells. The 13 positive cultures revealed 
10 pneumococcus type III infections and three streptococcus 
infections. Six additional cases presented a clinical course 
similar to that of pneumococcus type III infections, as 
described by Abrahams and Bonoff, Archer and Profant; 
that is, there was a marked discrepancy between the clinical 
picture and the degree of bone destruction. 


CLINICAL MANIFESTATIONS. 


Mastoiditis in elderly individuals does not present an 
alarming symptom complex. In this age group there is a 
relatively high incidence of “masked” or “primary” mastoid- 
itis in which the middle ear manifestations of mastoiditis are 
minimal or completely absent. The tympanic membrane does 
not tend to rupture spontaneously. Pain and tenderness, otor- 
rhea, deafness, pyrexia. leucocytosis, the usual clinical mani- 
festations of mastoiditis may or may not be present. 


Pain and tenderness were the most frequent manifestations 
of the mastoid infection. Pain was present in 33 cases, absent 
in three cases and the history not definitely recorded in two 
cases. The mastoid pain was usually minimal, being described 
more as a nocturnal annoyance rather than an actual pain. 
In seven cases the patients were conscious of this dull ache 
only at night. Tenderness was present in 27 cases, absent in 
six cases and the history not definitely recorded in three cases. 


Of probable significance is the fact that three cases com- 
plained of pain and exhibited no mastoid tenderness. These 
three patients with pain but no mastoid tenderness later 
proved to have abscess formation deep in the mastoid, in the 
infralabyrinthine cells. Two of these patients complained of 
severe, deep-seated, throbbing otalgia located sometimes above 
and sometimes below the ear; the third case had a perisinus 
abscess in addition to the infralabyrinthine abscess; this 
patient complained of temporal pain in addition to the deep- 
seated otalgia. Two cases of infralabyrinthine abscess with 
pain but no tenderness exhibited at operation a thick mastoid 
cortex. However, in no other cases in this study was there 
a correlation between a thick cortex and the absence of mas 
toid tenderness. It is suggested that mastoid pain in the 
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absence of tenderness may indicate deep infection in the 
infralabyrinthine cells. 


Otorrhea often does not play an important role in mastoid- 
itis in this age group. Of the 38 cases studied, discharge was 
absent in nine cases, scant and mucoid in seven cases, and 
purulent in 22 cases. Spontaneous perforation of the tym- 
panic membrane occurred on an average of 5.9 days after 
the onset of otalgia in the 15 cases in which this finding 
is recorded. This late spontaneous perforation of the tym- 
panic membrane in elderly individuals has been noted by 
many authors. Five cases gave no previous history of otorrhea 
and are classified as “atypical” or “primary mastoiditis” 
as described by Dabney, Hempstead, Singleton, Mackenzie, 
Smith, Long, Mollison, Ersner, Bennett, Hetrick, Wolf, Pas- 
tore and Kopetzky and Almour; however, in all of the cases 
the condition of the tympanic membrane reflected a patho- 
logical process in the mastoid. The tympanic membrane was 
described as dull, or thickened, or revealing evidence of fluid 
in the middle ear, a picture similar to that of tubotympanitis. 
It has long been taught at this Clinic that there is always 
some alteration in the appearance of the tympanic membrane 
when there is inflammatory process in the mastoid cavity, 
though this alteration may be only thickening, dullness or 
retraction. 


Some degree of deafness was present in all cases. Two 
patients were admitted with a chief complaint of unilateral 
deafness, the destructive process in the mastoid being revealed 
only by careful history, physical examination and Roentgen 
examination. 


The average maximum preoperative temperature elevation 
was 99.2° F. One patient with lateral sinus thrombosis had 
a maximum temperature of 101° F. and a cerebellar abscess 
with suppurative meningitis exhibited a maximum tempera- 
ture elevation of only 100°. This minimal response of elderly 
individuals to mastoid infection is comparable to their same 
minimal response to pulmonary infections. 


The leucocytic response is comparable to the degree of 
temperature elevation. The average leucocytes count for all 
cases was 10,326. In uncomplicated mastoiditis the lowest 
count was 6,100 W.B.C. and the highest count 17,000 W.B.C. 
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toentgen examination is singularly the most important aid 
in the diagnosis of mastoiditis in this age group. Roentgen 
examination revealed involvement of the mastoid in all cases 
studied. The extensive involvement and destruction of the 
mastoid air cells in many cases was out of all proportion to 
the clinical manifestation. 


COMPLICATIONS. 


The incidence of complications is high in this destructive 
type of mastoiditis found in elderly patients. The complica- 
tions in this group are as follows: 15 perisinus abscesses, 
four epidural abscesses, four subperiosteal abscesses, four 
Bezold’s abscesses, three cases with thrombosis of the sigmoid 
sinus, three cases of acute purulent leptomeningitis, three 
cases with osteomyelitis of the skull, two cases with abscess 
formation on the wall of the jugular bulb, one case of cere- 
bellar abscess, one case of zygomatic subperiosteal abscess 
and one case with complete destruction of the vertical course 
of the facial nerve. Not mentioned is a fourth case of menin- 
gitis (pneumococcus type III) which developed two months 
after an operated pneumococcic mastoid had apparently healed 
and cannot be regarded as a proven otitic meningitis. 


The relative incidence of complication is increased in those 
cases with abscess formation in the infralabyrinthine cells. 
The 16 infralabyrinthine abscesses presented the following 
complications: seven perisinus abscesses, two cases with 
abscess formation on the jugular bulb, one cerebellar abscess, 
one case of purulent leptomeningitis, one Bezold’s abscess and 
one case with osteomyelitis of the base of the skull (infection 
in this case extended to produce an osteomyelitis of the trans- 
verse process of the first cervical vertebra). 


Four deaths occurred in the series of 38 cases, a mortality 
rate of 10.5 per cent. The average preoperative duration of 
aural symptoms in these four cases is 81 days. Three of the 
patients presented extensive local destruction and suppura- 
tive meningitis (one of these patients, a physician, refused 
a simple mastoidectomy, to return six weeks later with a 
cerebellar abscess and suppurative meningitis). Pneumococ- 
cus type III was obtained on culture of two cases. The fourth 
case died four days postoperatively of bronchopneumonia 
(type I). 
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The remaining 34 cases progressed to ultimate recovery. 
The convalescence was prolonged in the cases of sigmoid 
sinus thrombosis, osteomyelitis of the skull and meningitis. 
However, in the usual case, the postoperative course was 
remarkably uneventful. The average postoperative time for 
complete healing of the mastoid wound and middle ear is 
21.5 days in 16 cases in which the day of complete healing 
is recorded. Postoperatively, patients were frequently out of 
bed before the end of the first week. 


ANESTHETIC COMPLICATIONS. 


Although there is a high incidence of concomitant systemic 
disease in the age group, there have been minimal anesthetic 
and postoperative complications. All patients survived a gen- 
eral anesthetic without difficulty. Two patients developed 
postoperative bronchopneumonia; one of these died on the 
fourth postoperative day before chemotherapy, the other pro- 
gressed to complete recovery. 


The anesthetic used has varied from year to year as fol- 
lows: nitrous oxide and ether, 16 cases; ether alone, five 
cases; nitrous oxide alone, six cases; cyclopropane, four 
cases; nitrous oxide and avertin, one case; avertin alone, one 
case. As there is no anoxia, the present anesthetic of choice 
is cyclopropane administered in 20 to 30 per cent concentra- 
tion in 40 per cent oxygen and 20 tc 40 per cent helium. 


CHEMOTHERAPY. 


This study presents no significant statistical information 
on the value of chemotherapy in this age group. It is advised, 
however, that all cases of acute suppurative otitis media in 
this age group receive an early and adequate course of chem- 
otherapy since the past 73.2 per cent of cases of otitis media 
have progressed to surgical mastoiditis. While receiving 
chemotherapy, the patient should be carefully observed for 
evidence of “masked” mastoiditis. 


COMMENTS. 


Acute suppurative mastoiditis in elderly individuals often 
develops slowly, without striking clinical manifestations, and 
may therefore be unwisely treated by “watchful waiting” 
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while extensive destruction is taking place within the mas- 
toid air cells. The fear of subjecting an elderly patient to a 
prolonged surgical procedure is likely to result in delay, with 
the development of complications. In this age group early 
complete mastoidectomy is indicated as soon as clinical and 
Roentgen examination reveal evidence of a surgical mastoid- 
itis. Procrastination is untimely. 


SUMMARY. 


1. Thirty-eight cases of acute suppurative mastoiditis in 
elderly individuals has been presented. The anatomy, the 
pathology, the clinical manifestations have been discussed. 


2. Pneumococcus type III was the etiological agent in 76.4 
cent of the 13 cases in which a positive culture was obtained. 


3. The classical clinical manifestations of mastoiditis are 
not to be relied upon in this age group, as there is marked 
discrepancy between these clinical manifestations and the 
degree of bone destruction. 


/ 


4. Repeated adequate Roentgen examinations are indispen- 
sable in the diagnosis of mastoiditis in elderly individuals. 


5. Forty-two and one-tenth per cent of cases revealed 
abscess formation extending into the infralabyrinthine (retro- 
facial) cell group. The anatomy of these cells is described. 


6. Mastoid pain without mastoid tenderness may indicate 
an abscess in the infralabyrinthine cells. 


7. Acute suppurative otitis media in elderly individuals 
should be treated with an early and adequate course of chem- 
otherapy, observing the patient with repeated Roentgen exam- 
inations for evidence of “masked mastoiditis.” 
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THE THERAPEUTIC EFFECT OF BISMUTH IN INFEC- 
TIOUS MONONUCLEOSIS. A PRELIMINARY 
STATEMENT WITH THE REPORT 
OF TWO CASES.* 


Dr. MAURICE SALTZMAN, Philadelphia. 


Following the injection of an average dose of soluble bis- 
muth, striking symptomatic improvement was noted in two 
patients suffering with infectious mononucleosis of the “angi- 
nose type.” These patients afforded us an opportunity for 
study of the comparative effects of therapy on the clinical 
manifestations and hemotologic findings. The progress of 
their obvious lesions was readily ascertained and the hemo- 
grams which were obtained at regular intervals constitute 
the basis of our analysis. 


The favorable influence of bismuth on the inflammatory 
process in the pharynx can be compared to the action of this 
drug on the superficial lesions of the throat in syphilis. 
Muller' brought about the disapperance of a destructive gum- 
matous lesion in the pharynx by one injection of trepol. The 
pain in the throat and neck in the “anginose” variety of 
infectious mononucleosis is often most intense. Myerson? 
states that the pain in this condition is more severe and of 
longer duration than in any other infection of the throat. 
Bismuth, however, gave prompt relief to our patients. 


The literature on the beneficial effects of bismuth in acute 
lacunar tonsillitis was recently reviewed by Monteiro.* The 
pain subsided, the temperature became normal and the fol- 
licular necrosis disappeared within 24 hours following an 
injection of soluble bismuth in every case in which a culture 
of the throat yielded streptococci. A prompt subsidence of 
the secondary cervical adenopathy was also noted. Ruttin‘ 
found this form of therapy to be effective in reducing the 
incidence of complications from tonsillar infection. 


There was considerable hesitancy, on our part, whether to 
employ bismuth therapy in infectious mononucleosis, as text- 





*Preliminary statement read at the Staff Meeting of the Mt. Sinai Hospital, 
Nov. 25, 1941. 

Editor's Note: This ms. received in Laryngoscope Office and accepted for 
publication, July 2, 1942. 
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books state that bismuth is not to be given to any patient 
who has a tendency towards agranulocytosis. The consensus 
of opinion, however, is that infectious mononucleosis is in no 
way related to agranulocytosis. Furthermore, in order to 
ascertain the effect of bismuth on the blood picture we stud- 
ied the records of hundreds of hospital patients who had 
received several injections of bismuth and found that this 
treatment produced no appreciable changes in the compo- 
nents of the hemograms. Marcozzi and Neuber’ state that 
the absolute and relative characteristics of the leucocyte count 
are only slightly affected by bismuth therapy. Regarding the 
rare cases of agranulocytosis associated with syphilis, we 
found that in every instance it was traceable to arsphenamine 


when administered alone or in combined treatment with the 
heavy metals. 


REPORT OF CASES. 


Case 1: L. G., a white boy, age 16 years, was seen by us on Nov. 21, 
1941. On that day the boy was scheduled to have a tumefaction in his 
throat (retropharyngeal abscess?) incised by his physician, but a con- 
sultation was arranged at the last moment. The duration of the sore 
throat, with fever intermittently, was two and one-half weeks, and it was 
getting progressively worse. 


Examination showed the pharynx to be covered by inflamed hyper- 
trophied follicles with a mass of exuberant lymphoid tissue containing 
two necrotic areas. The tonsils had been removed. The submaxillary and 
anterior cervical lymph nodes were enlarged and tender, but no other 
lymph nodes were palpable. The temperature was 101° F. The heart 
and lungs were normal. The liver and spleen were not enlarged. A 
bacteriologic study of a pharyngeal swab showed no Vincent’s organ- 
isms. A culture from the throat yielded a growth of hemolytic strepto- 
cocci. The urine was normal. The blood count showed no depression of 
the erythropoietic system. The leucocyte count was 18,000, with a dif- 
ferential of 10 neutrophils (eight Fil. and two non-Fil.), lymphocytes, 72 
(of which 45 were young forms), 10 fenestrated forms and eight blasts. 
The blood Wassermann (Kahn and Eagle flocculation tests) was nega- 
tive. The heterophile antibody reaction gave a complete agglutination 
up to 1:112 serum dilution and a partial agglutination to 1:896 dilution. 
The diagnosis of infectious mononucleosis was established and the 
patient was treated symptomatically. 


After two days of observation, with no improvement following symp- 
tomatic treatment, bismuth therapy was instituted. An intramuscular 
injection of 0.03 gm. of bismuth and potassium tartrate was given at 
noon on Nov. 23. Six hours later the patient was entirely free from 
symptoms and was able to have dinner with his family. The following 
morning, the lesion in the throat flattened, the adenopathy subsided 
considerably and the temperature became normal. A blood count done 
on Nov. 25 showed 8,400 leucocytes, with a differential count of 22 neu- 
trophils (17 Fil. and five non-Fil.), 20 normal lymphocytes, 52 fenestrated 
forms and three blasts, two monocytes and one basophil. The red cells, 
Hb. and hematocrit were within normal limits. Encouraged by our 
results from the treatment, we gave 0.03 gm. of soluble bismuth on 
Nov. 25, 0.015 gm. on Nov. 27 and 0.015 gm. on Nov. 29. On Nov. 30 the 
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sedimentation rate was 25 mm. in one hour (Wintrobe method). The 
hemograms listed below will show the further progress of the case until 
complete recovery took place. The Hb. and erythrocyte counts will not 
be tabulated as they were always normal. 


Dec. 2, 1941: 





_f) en OR a 
ORT 
Differential Count: Percentage 
Neutrophils (Fil) 13 
Neutrophils (non-Fil) 1 
Lymphocytes — normal 59 
Fenestrated 23 
Blast forms -......... 3 
Baso. 1 
Feb. 14, 1942: 
,  O? IR nee rae eee ee a ne Te RE 
Differential Count: Percentage 
a Tae 40 
Polymorphonuclear basophils 1 
Large lymphocytes -............... 15 
Small lymphocytes 22 
Monocytes . 22 





Note Hematologic recovery is not complete three months after the onset 
of the disease. The monocytes increased in the recovery phase 


April 4, 1942: 





W.B.C. aerate canada eee cearannainIeee ceased aesaeaecaieae 8,200 

Differential Count: Percentage 
I I ii cninsssacmpmen npoctusienbibaaibngessbesiniesdaeicbiateastemasocnevebilotes sami - an 
Neutrophils (non-Fil.) is 4 
Lymphocytes normal 52 
Monocytes - 3 

June 11, 1942: 

UF eres TR ee Se ee ST 9,600 

Differential Count: Percentage 
Neutrophils Fil.) —..... =iasiuitintuisinsiacacnaficat sas cteh tence area entadees 54 
ce ES 0 ee ce re een nee ee) ee 4 
Lymphocytes ................... 40 
Eosinophils _....... 2 





Case 2: M. R., white maie, age 25 years, became ill on Jan. 10, 1942. 
His complaints were headache, nasal obstruction, sore throat, pains in 
the back and limbs, loss of appetite, and weakness. His temperature 
was 100.3° F. On examination, the mucous membrane of the nose was 
found to be inflamed and turgescent. A moderate amount of mucoid 
secretion was seen in the middle meatus on the left side. The pharynx 
appeared inflamed and the anterior cervical glands were slightly enlarged 
and tender. The tonsils had been removed. No adenopathy was found 
in any other part of the body, and the liver and spleen were not enlarged. 
The heart and lungs were normal. Urinalysis recorded no abnormali- 
ties. Our tentative diagnosis was acute upper respiratory infection and 
the patient was treated symptomatically. In about a week the nasal con- 
dition cleared up, but the lymph nodes on the left side of the neck 
became more swollen. A blood count done on Jan. 19 showed Hb., 
15.95 gm. (110 per cent); R.B.C., 5,400,000; W-.B.C., 10,700; neutrophils, 
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30 (21 seg. and nine nonseg.); lymphocytes, 67 (seven atypical forms): 
monocytes, three. However, the heterophile antibody reaction gave a 
partial agglutination in a dilution of 1:4 only. The blood Wassermann 
was negative. The patient’s weakness and malaise persisted in spite of 
absolute rest in bed for a period of two weeks, and the temperature 
rose nightly to 100° F. or slightly higher. A blood count done on Jan. 27 
showed no change in the R.B.C. and Hb. The leucocyte count was 14,100, 
with a differential of 27 neutrophils (20 seg. and seven nonseg.), 19 nor- 
mal lymphocytes, 52 atypical lymphocytes, two monocytes and one eosin- 
ophil. On Jan. 29 the heterophile antibody reaction gave complete 
agglutination in a dilution of 1:8, and partial agglutination up to 1:64. 
At this time the lymphoid tissue at the base of the tongue on the left 
side became markedly swollen and a few areas of follicular necrosis 
were seen. No Vincent’s organisms were found on a swab and a culture 
yielded a mixed growth, streptococci predominating, but no B. diph- 
theriae. Having found symptomatic treatment of no avail, we chose 
bismuth therapy as our next step. The diagnosis of infectious mononu- 
cleosis appeared to have been established. On Jan. 29 an injection of 
0.03 gm. of bismuth and potassium tartrate was administered intramus- 
cularly and the results were dramatic. Within 24 hours the lesion in 
the pharynx disappeared, the glandular swelling subsided largely and 
the patient felt much improved generally —his appetite and energy 
returning. Improvement in the blood picture, however, was gradual, as 
will be shown by the hemograms listed below. The Hb. and erythrocyte 
counts will not be tabulated as they were always normal. 
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COMMENT. 


A soluble bismuth compound injected intramuscularly is 
absorbed rapidly. It is largely deposited in the liver and the 
mucous membrane of the intestinal tract, particularly the 
mouth. That the pharyngeal lymphatics share in the distri- 
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bution of the bismuth is shown by the experimental studies 
of Pescetti,° who found the metal present in the tonsils when 
removed eight hours after the patient received an intramus- 
cular injection of a soluble bismuth salt. When the tonsils 
were enucleated 24 hours after the administration of bis- 
muth, every follicle was found to be infiltrated with the metal. 
Nuernbergk,’ using this form of therapy, brought about the 
relief of pain in lacunar tonsillitis in four hours. Imhof* 
noted the rapid clearing of the purulent exudate of follicular 
tonsillitis in every case which was treated with bismuth. 


Pharmacologically, bismuth was found to possess bacteri- 
cidal and bacteriostatic properties. Clinically, Monteiro* and 
other investigators noted the favorable action of bismuth on 
streptococcic tonsillitis, whereas the results in the pneumo- 
coccic and staphylococcic infections were less satisfactory. 
Marinho’s’ results with this form of therapy were so remark- 
able that he adopted a therapeutic classification for tonsil- 
litis, designating the nonspecific variety as “bismuth tonsil- 
litis,” and tonsillar diphtheria — “serum tonsillitis.” Stokes*’ 
ascribed to bismuth the property of being a resistance stimu- 
lator par excellence, enabling the body cells to throw off an 
infection readily. In some cases Solis-Cohen and Githens"' 
observed after each injection of bismuth the occurrence of a 
temporary leucocytosis, involving chiefly the polymorphonu- 
clear neutrophils. 


Infectious mononucleosis is generally treated symptomati- 
cally. The results are not remarkable and the illness may be 
protracted. Lassen and Thomsen’s™ review of the subject 
contains illuminating facts. Twenty-seven cases were treated 
with neoarsphenamine with little effect on the course of 
the disease. Had the etiologic agent been the Vincent’s 
organism, as claimed by Blaedorn and Houghton,’* more 
favorable results might have been expected from neoarsphe- 
namine. Thirty-one patients were given sulfanilamide, while 
50 patients were treated symptomatically, and the difference 
in the progress of the three groups was not enough to war- 
rant definite conclusions. If infectious mononucleosis were 
an aberrant reaction of the individual to the ordinary pyo- 
genic infections, a view held by some investigators, the effects 
of treatment with sulfanilamide should have been more strik- 
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ing than the reports of Thomsen’ indicate. Twelve cases 
were treated by the intravenous administration of specific 
convalescent serum in doses of 60 to 300 cc. This was fol- 
lowed in some cases by a fall of the temperature to normal 
in one or two days, and prompt improvement. 


Because of the constancy of adenopathy in infectious mon- 
onucleosis, McKinley‘ reached the conclusion that the habi- 
tat of the etiologic agent is in the lymph nodes. In our cases 
the enlargement of the cervical and submaxillary glands 
appeared to be incidental to the pharyngeal infection in the 
familiar fashion of a secondary adenopathy; the swelling 
subsided as soon as the infection in the throat cleared up. 
The differential blood count, however, continued to show a 
paucity of the polymorphonuclear neutrophils for several 
months and the disappearance of the abnormal mononuclear 
cells was a gradual process. The clearing of the necrotizing 
lesion in the throat had apparently only one immediate effect 
on the blood picture in one case; namely, the reduction of the 
total number of leucocytes from 18,000 to 8,400; however, the 
fact that the sedimentation rate was 25 mm. in an hour one 
week after the patient had been entirely free from symptoms 
indicates that the activity of the infectious process was still 
continuing. It appears that two factors are involved in the 
etiology of the “anginose type” of infectious mononucleosis. 
An agent, probably a virus inhabiting the lymphocytic and 
reticuloendothelial systems, seems to be responsible for the 
abnormal blood picture manifested over a period of several 
months. Thereby the host becomes more susceptible to bac- 
terial infection. The direct cause of the state of illness, from 
which the patient seeks relief, is probably the invasion of 
the pharyngeal lymphatics by pathogenic micro-organisms 
which cause necrotizing lesions. We have found that bismuth 
therapy brings about a rapid clinical recovery, but appar- 
ently has an uncertain effect on the activity of the primary 
causative agent — virus most likely — which, as has been 
suggested above, is responsible for the abnormal blood pic- 
ture. If specific convalescent serum or any other remedial 
measure should prove efficacious in this type of “virus dis- 
ease,” the yardstick of its success in infectious mononucleosis 
would probably be —how soon after the administration of 
the therapeutic agent will the blood count become normal? 
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Summary: Bismuth therapy was employed in infectious 
mononucleosis for the first time, as far as we know. The 
symptomatic improvement was remarkably rapid, while the 
return of the blood picture to normal was a gradual process; 
however, this form of treatment will have to be used in many 
more cases before a proper evaluation of the effects of bis- 
muth on infectious mononucleosis may be obtained. 


The laboratory work in this study was done by Dr. Tracy 
D. Cuttle, Dr. David R. Meranze and Dr. Perry S. McNeal. 
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OTOLARYNGOLOGICAL ASPECTS OF AVIATION.* 


LEON D. CARSON, Lt.-Comdr. (M.C.), U.S.N., 
Washington, D. C. 


In this paper I cannot hope to present more than an out- 
line of the application of this most important handmaiden of 
medical science to the physiological problems imposed upon 
the aviator’s economy by the stresses and rapid. changes of 
environment encountered in flying. This is particularly true 
in military flying, where the accomplishment of the task is 
considered of first importance, and the stresses imposed upon 
the pilot as of secondary significance. In airline or civilian 
flying, every effort is made to avoid unusual stresses to 
passengers and to planes. In military flying, aircraft are 
designed to withstand the unusual physical stresses, imposed 
by the necessity to out-perform an enemy pilot who has a 
similarly designed plane and similar motives. 


The flight-surgeon’s task, therefore, is first to select as 
pilots, men capable of withstanding punishing physical and 
mental strains, and second to maintain the physical fitness of 
this group of combatants at as high a level as possible; and 
to surround them with every safeguard possible to protect 
them against the effects of an environment which was never 
considered in the design and specifications of the first model 
of homosapiens. 


It follows, therefore, that aviation medicine is concerned 
primarily with those conditions which are essentially physio- 
logical and subclinical. Malfunction and disease conditions 
such as would cause a patient to consult a physician are for 
the most part disqualifying for the occupation of military fly- 
ing. When such complaints or diseases develop in a flyer, and 
extensive treatment or surgical intervention is indicated, he 
is usually referred to specialists in our naval hospitals and 
dispensaries for treatment. If the ailment is one which affects 
the nose, or thoat, or the ear, the diagnosis and treatment of 
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the aviator becomes the responsibility of the clinical otolaryn- 
gologist, but an extended discussion of pathology or treatment 
of such ailments is not included within this paper. 


Quite a number of subclinical conditions which we have 
found to be incompatible with flying are frequently discovered 
in our routine physical examination for flying. Many of these 
are capable of correction and are referred to the otologist or 
the laryngologist for appropriate treatment. Some of these 
subclinical conditions are: hypertrophied or diseased tonsils, 
adenoidal or polypoid obstructions, septal deviations and nasal 
abnormalities interfering with drainage or aeration of the 
parasanal sinuses, etc. Diseases of the middle ear or history 
of mastoid disease are considered disqualifying, and post- 
operative radical mastoid exenterations which have resulted 
in complete cure are invariably considered as disqualifying 
for flying. Chronic sinus disease, quiescent but destructive 
middle ear disease, etc., are in the same category. 


On the other hand, there are often presented relatively 
insignificant anatomical abnormalities or functional irregu- 
larities which have never aroused either the interest of the 
examinee or of his civilian medical consultant, which are defi- 
nitely disqualifying in a candidate for aviation, because of 
their known tendency to cause disability under the environ- 
mental conditions imposed in flying. When we consider some 
of the unnatural conditions imposed by flying, such as rapid 
changes of barometric pressure, extremes of temperature, 
air blast, propeller blade flutter, high noise levels, and many 
similar factors and their unfavorable effects upon the normal 
ear, or nasopharynx, the reasons for such meticulous dis- 
crimination become apparent. 


In the following discussions we shall consider, rather 
empirically, the effects of these environmental stresses, and 
for convenience we shall divide the subject into five subheads: 


1. The nasal structures and accessory sinuses. 
2. The middle ear and Eustachian tubes. 
3. The mouth and pharynx. 


. The acoustic function. 


~~ 


5. The vestibular mechanism. 
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1. NASAL STRUCTURES AND ACCESSORY SINUSES. 


Adequate ventilation is of first importance here. At alti- 
tudes exceeding 8,000 feet anoxia begins to develop and at 
higher altitudes may become severe. Inasmuch as the normal 
physiological response to anoxia is an increase in depth and 
rate of pulmonary ventilation, any degree of nasal obstruc- 
tion which interferes with free breathing is undesirable. 


Obstructions due to septal deformity should be removed by 
surgical means prior to acceptance for aviation. Polypi are 
usually regarded as indications of ethmoidal disease and if 
found on routine examination are cause for rejection. Any 
unusual turgidity, dryness, “fish-belly” pallor or other indi- 
cation of allergy is cause for disqualification or for determin- 
ing upon a re-examination. Unfortunately many a young 
man, anxious to get into aviation training, has learned in 
advance of our causes for rejection. Occasionally polypoid 
degenerative changes are overlooked because the young man 
has received the collaboration of his own physician, who has 
judiciously applied a small nasal pack moistened by a vaso- 
constrictor drug just prior to the boy’s visit to us. 


In the case of men whom we find have deformed septa, we 
often hesitate to advise correction by the usual cartilage 
resection, as the septal deformity may be but part of the 
obstruction. Often there is such narrowing of the alar open- 
ings that an injudicious removal of septal cartilage may cause 
even further obstruction of the nostril unless the entire pro- 
cedure is carried out as a complete nasal plastic. 


Other things we look for are evidences of chronic sinus 
disease, for it has been the almost invariable history that fly- 
ing markedly aggravates the trouble and accelerates its prog- 
ress toward disabling disease. 

2. THE MIDDLE EAR AND EUSTACHIAN TUBES. 

Here is another and striking example of man’s maladapta- 
tion to a new environment. Under ordinary conditions onlv 
slight changes in atmospheric pressure are experienced, and 
these changes are readily compensated for within aerated 
bony cavities in the skull, by connections to the outside 
atmosphere, through nonpatulous ducts or tubes. These lie 
wholly or in part within bony structures and are lined with 
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modified, ciliated mucous membrane. The Eustachian tube 
leading to the nasopharynx from the middle ear is a good 
illustration. 


The inability, under all conditions of barometric pressure 
variations encountered in ascents and descents in aircraft, 
to maintain equal pressure upon each side of the tympanur 
places stress upon that structure, which frequently causes 
discomfort of almost any degree, ranging from mere annoy- 
ance to sharp and agonizing pain accompanying severe invag- 
ination of this sensitive membrane. Occasionally rupture and 
hemorrhage may occur. 


In studying this syndrome one is impressed by the fact 
that release of pressure from the middle ear via the normal 
Eustachian tube occurs with little, if any, discomfort, and 
is usually symptomless, regardless of the rate of climb or 
lowering of barometric pressure. Disturbing symptoms occur 
upon descent or during the return to levels of increased baro- 
metric pressure. Partial vacuum within the middle ear causes 
engorgement of the capillaries lining the cavity, followed 
by extravasation and actual hemorrhage (“the aero-otitis 
media”), described by Armstrong. 


All of us are familiar with the anatomical structure and 
relationships of the Eustachian tube, which explains this 
imperfect function. 


One may describe it as resembling an upper larger and a 
lower smaller funnel with their stems in apposition. The 
upper funnel comprises about one-third of the tube and the 
narrower lower funnel about two-thirds. The walls of the 
upper are osseous, with a closely adherent mucous membrane, 
leaving it patent at nearly all times. Any expanding gas finds 
ready exit through a patent tube. Low pressure chamber 
experiments have proved that even in sudden decreases of 
barometric pressure there is almost a complete absence of 
any ear symptoms, which suggests that the expanding gas in 
the middle ear immediately and easily finds escape through 
the tube. 


In the case of the lower two-thirds of the Eustachian tube, 
we find a relatively unsupported collapsible structure with 
more redundant and turgescent mucous membrane surround- 
ing and within its opening into the pharynx. Increase of 
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pressure trying to find its way into the middle ear through 
this comparatively relaxed tube tends to more firmly close 
its opening, in which respect it behaves like a flutter valve. 
So we find partial pressures within the upper tube and mid- 
dle ear tending to produce engorgement of the tubal lining, 
and positive pressures in the pharynx tending to close the 
comparatively soft or relaxed pharyngeal portion of the tube. 


A vicious cycle is set up and it becomes necessary to employ 
artificial means of equalizing the pressures. This simply 
means in most cases bringing the tensor muscles into play by 
yawning or swallowing movements, closing the nares and 
blowing just hard enough to pass a bubble of air into the ear. 
In fact, merely closing the nose and swallowing usually suf- 
fices, the reason being that swallowing both exercises the 
tensor muscles and raises the pharyngeal pressure. 


It has been repeatedly observed that in fairly rapid descents 
from high altitudes the first part of the dive causes no dis- 
tress, whereas acute distress will begin at between 15,000 
and 20,000 feet or at lower altitudes. The increasing density 
of the air probably has something to do with this. Air of 
higher altitures is about the same density as helium or less 
dense. 


We used to consider it our duty to warn pilots against 
unnecessary employment of the Valsalva maneuver, carefully 
explaining to them that any infection present near the ostium 
of the Eustachian tube was likely to be carried into the ear. 
We believed that “colds” and pharyngeal irritation were con- 
traindications for the employment of this technique. But the 
truth of the matter is that in spite of almost universal 
autoinflation of the ears among our navy pilots, “head cold” 
or no “head cold” and disregarding sore throats, the actual 
incidence of acute otitis media is found to be no higher 
among flyers than in the case of mere groundlings. John R. 
Poppen, in his excellent discussion, “The Ear in Flying,” 
surmises that this is because gravity, ciliary activity and 
lymphatic drainuage all join in returning minute amounts 
of infectious material introduced in this way into the larynx. 


Occasionally we see instances in which every possible 
maneuver fails to accomplish equalization of pressure — and 
these unfortunates are usually pitiable objects. When one of 
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these pilots walks into my office, the diagnosis can be made 
from his facies and a casual glance at the clothing. The face 
registers acute misery, the eyes are reddened and lacrimose. 
He hasn’t bothered to remove all of his flight clothing before 
seeking relief. An inspection of the tympanum shows a 
marked retraction. If half an hour has elapsed since the 
accident the membrane has lost its lustre and shows marked 
injection; occasionally it appears actually hemorrhagic. 


Treatment, of course, consists in rapid shrinking of the 
tissues of the pharynx in the region of the blocked ostia. 
followed by instruction to repeat the Valsalva. If this fails 
it is necessary to introduce air via Eustachian catheter. In 
such cases I prefer the introduction into the ear of hot iodine 
vapor. 


Another important consideration is the character of the 
gas introduced into the ear by autoinflation. If one happens 
to be breathing oxygen, and inflates the middle ear with air 
rich in per cent of that gas, unfortunate results may follow. 
A. R. Behnke has described cases in which high concentra- 
tions of oxygen have been introduced into the middle ear and 
absorbed during sleep, producing more or less complete filling 
of the middle ear by exudate and hemorrhage. Mixtures of 
gases introduced into the middle ear must eventually come 
into equilibrium with oxygen percentages present in capillary 
blood, which is roughly 12 to 14 per cent. 


A single solution is always possible. If the air intro- 
duced is alveolar air it will approach the percentage com- 
position of gases in solution in capillary blood and will 
very quickly come into equilibrium; therefore, we recom- 
mend holding the breath. exhaling and inflating the ears at 
the end of expiration. 


Closely related to the above syndrome is the one occasion- 
ally seen, due to occlusion of the normally patent ducts com- 
municating between the frontal and maxillary sinuses and 
the nasal passages. Much of the nasal and pharyngeal path- 
ology preventing normal equalization of pressures between 
these spaces and the ambient air is believed to be due to the 
rather constant irritation of the mucosae, by such things as 
air blast experienced in flying in open cockpit planes, chill- 
ing, noxious and irritant fumes from meninges, etc. It is my 
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impression that in older flyers one finds gross evidence of 
chronic inflammatory changes very frequently. 


Peculiarly enough, typical Bell’s palsy, generally believed 
to be caused by excessive exposure of one or the other side 
of the face to air blast, is of no more frequent occurrence in 
flyers than in nonflying personnel; in fact, I can recall having 
seen but one case in an aviator in 15 years. 


3. MOUTH AND PHARYNX IN RELATION TO FLYING. 


Except in the cases of those few pilots who seem to become 
habitual mouth breathers as soon as they put on an oxygen 
mask, conditions met with in flying seem to have little notice- 
able effect. Excessive dryness and irritation of oral and 
pharyngeal tissues is sometimes seen in these individuals. 
There is some doubt as to whether such irritation results 
from high percentages of oxygen or from use of a chilled gas. 
Pipestem oxygen breathers used to show marked irritation of 
the mucosae of mouth and throat after an hour or two. Now 
that oxygen is used from a mask, we see few signs of red- 
ness or dryness even in men who are mouth breathers. 


Pressure changes due to rapid climbs often aid the dental 
officer to diagnose a gas pocket in an abscessed tooth. 


The usual run of nasopharyngeal ailments, chronic tonsil- 
litis, Vincent’s infection, chronic postethmoiditis, sphenoid- 
itis, with postnasal discharges, occur in flying personnel with 
no greater frequency than in nonflyers. Chronic sinusitis if 
not amenable to treatment either limits or terminates a man’s 
usefulness as a pilot. 


4, THE ACOUSTIC FUNCTION. 


The impairment of hearing caused by changes of pressure 
in the middle ear is a purely transient phenomenon. Pro- 
gressive otosclerosis seems to be neither benefited nor influ- 
enced in its inevitable course by flying. It is noteworthy in 
this connection that news stories such as those current a few 
years ago dealing with the miraculous return of hearing in 
the case of “old Mr. Glutz, who took his first airplane ride 
yesterday,” are rarely seen today. 


Higher noise levels, which have resulted from more pow- 
erful engines, longer propellers and higher speeds, do pro- 
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duce temporary auditory fatigue. Hearing is measurably 
impaired for considerable periods of time following prolonged 
flights, but we consider this as evidence of fatigue of the 
function and not due to pathological changes. It is true that 
animal experimentation has demonstrated actual microscopic 
and even gross damage to the organ of Corti by noise levels 
exceeding the value of 120 deb. and of higher frequencies. 


These represent levels of stimulation, however, which are 
very high, much higher, in fact, than any encountered in 
aircraft; so we call it fatigue of the auditory function, a very 
convenient term with which to cloak our mere skeleton of 
information. 


Fortunately, under the impetus of the “all-out” national 
effort to survive, science is also going “all-out” in an attempt 
to do its share, and well planned research projects have been 
set up under the direction of competent physiologists, psy- 
chologists and engineers, so we may now entertain the hope 
that some of the answers will shortly be made available to us. 


The detailed answers are of importance to us, to the engi- 
neers who design aircraft and to the automotive world in 
general. Obviously it is highly impracticable to “dampen out” 
or to “soundproof” aircraft against noise and vibration over 
the entire range of the auditory spectrum. If science can 
give the answers as to whether sounds of low pitch but high 
intensity, or high-pitched sounds of great intensity are pro- 
ductive of the greatest fatigue. then by attacking the prob- 
lem selectively it may be easily possible to minimize wear and 
tear upon the tender subjectivity of man. 


Air conduction of sound is probably not markedly affected 
by change of atmospheric density, but the production of voice 
sounds is, and this represents one of our current problems in 
voice communication over aircraft radio. If one inhales quite 
deeply, several times, a gas of 20 per cent oxygen and 80 per 
cent helium, and then attempts phonation, the resulting 
sounds which issue forth are startling. Your incredulous 
ears pick up an emasculated or plaintive bleat which sounds 
like a Mickey Mouse animated cartoon. The reason, of course, 
is that the pitch and intensity of the spoken syllable are 
changed and weakened by a gas of decreased density. So it 
is with any respiratory gas mixture at high altitude. Laryn- 
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geal and chest resonance are greatly reduced. The vocal cords 
in adapting to the less dense gas change their amplitude. 
Special microphones are being devised to “pick up” and trans- 
mit these weaker voice sounds. Present microphones just 
don’t do the job properly. 


Recent investigations as to the effect of noise upon hearing 
seem to indicate that higher frequencies of noise intensity 
of greater than 100-110 deb. will cause temporary deafness 
but that recovery is usually complete within from eight to 
48 hours, as determined by audiometry. 


Time is a factor in such injury — 110 deb. for 20 seconds, 
for example, may cause no demonstrable damage to the organ 
of Corti in experimental animals; 120 dcb. for 20 seconds 
may cause microscopic evidence of damage; 120 dcb. for 
30-40 seconds causes much more evident damage. 


Pilots who show evidence of hearing loss after years of 
flying usually show this loss principally in the range of audio- 
metric frequencies, 1,024 to 4,096 or higher. 


Whether hearing loss is measurably greater in flyers than 
in persons engaged in other occupations in which there is 
long exposure to noises of high level is not known. 


Now that cockpits in aircraft are provided in cowling, and 
much flying in larger enclosed aircraft is being done, I am 
convinced that damage to hearing should be less than it was 
a few years ago. 


To me, headset noises and static are much more disturbing 
in aircraft than any other noises. Headphone static fre- 
quently reaches the level of sharply painful stimuation. I am 
convinced that loss of hearing acuity for higher frequencies 
is principally due to this one factor. Unfortunately, much 
experiment and research must be done before we can accept 
as reliable any expressions of opinion as to causes of hearing 
loss in aviation. 


5. VESTIBULAR OR LABYRINTHINE FUNCTION IN AERIAL 
EQUILIBRATION. 


There are two forces in Nature to which all animal and 
plant life are phylogenetically conditioned. One is never con- 
scious of either of them in a normal environment or when 
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employing a normal method of locomotion. These forces are 
gravity and pressure. Often the two act to maintain a body 
in equilibrium with its environment, as in the case of the 
fish with his swim bladder. 


Walking or running, in man, is a series of falling and 
arresting movements. Here equilibration is said to be kin- 
etic. When lying prone or supine, gravity is balanced by a 
resisting force which exactly counteracts it. This is termed 
static equilibrium. In resting or in progressing over the 
earth’s surface, man maintains either static or kinetic equi- 
librium through the unconscious employment of a number of 
sensory stimuli by which he is made “aware” of his attitude 
toward gravitational direction. 


The several receptors which give us this awareness are 
tactile, (exteroceptive) stimuli; labyrinthine, visceral, deep 
muscle or pressure, (proprioceptive) stimuli; and stimuli 
mediated by the special senses of seeing and hearing, the 
so-called teleoceptors. 


In an excellent paper presented by Comdr. John R. Poppen 
in 1940 (George Washington University and School, mid- 
winter course in Aviation Medicine), he states, succinctly 
enough, “it so happens that in flying we can have ultimate 
recourse to only one” (receptor), meaning, of course, vision. 


In learning to fly, one must learn to ignore most of those 
stimuli upon which, as a terrestrial being, he has placed his 
chief reliance, and to substitute therefor a completely vis- 
ual adaptation. Some of these sensations, particularly the 
labyrinthine, merely serve to confuse the flyer. In the early 
days of aviation much effort was expended by the physiolo- 
gist and the otologist, and many really profound and elabo- 
rate theses were written, in an attempt to explain the 
importance of this function to the business of aerial equili- 
bration. Many famous differences of opinion arose as to which 
function ranked first in importance: visual, vestibular, or 
proprioceptive. The otologist favored the labyrinth; the oph- 
thalmologist naturally ascribed greatest importance to the 
visual organ, and the old-time aviator tolerated both views, 
but insisted upon “flying by the seat of his pants,” and a 
railroad track was his most valued navigational instrument. 


Times have changed. We still describe the function of the 
labyrinth, but only to excuse its misbehavior. “Seat of the 
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pants” stimuli, when a plane is in normal flight, and in stable 
aerodynamic relationship to all forces acting upon it, are of 
precisely the same value as when the seat is in firm contact 
with an automobile cushion. But where the plane executes 
maneuvers in which these aerodynamic forces become of 
much greater magnitude or amplitude, corresponding degrees 
of labyrinthine stimulation occur, which are not only mis- 
leading but deeply disturbing. These overpowering stimuli 
result from such maneuvers as snap-rolls, power spirals, 
spins, and prolonged tight turns. 


The degree of labyrinthine stimulation under such cir- 
cumstances produces concomitant nystagmus and vertigo, 
and affects the higher cerebral centres. One becomes acutely 
conscious of the stimulus and acutely misinformed as to 
orientation. 


Illusions as to his position within the plane as well as 
orientation of the plane in relation to the earth’s surface are 
familiar to most pilots who have done much flying, and they 
occasionally refer to a phenomenon known to the fraternity 
as “the leans.” Take a specific case in which a plane “on 
instrument” flight in fairly smooth air has undergone a grad- 
ual depression of the right wing. The pilot, from his instru- 
ments, is made aware of this, and by applying left aileron 
brings the wing up level on the artificial horizon. 


The sinking of the wing was gradual and was not sensed 
by vestibular function. The bringing up of the wing was 
more rapid and caused vestibular stimulation, and as a result 
of this leveling the pilot feels as though he is now actually 
leaning to his left, and he responds by leaning to the right, or 
to what his subconscious awareness tells him is an upright 
position. 


If experienced, the pilot by referring to his instrument 
becomes aware of the false attitude and is able to force his 
illusion from his consciousness. If inexperienced or if he 
does not refer to his instruments, repeated depressions of a 
wing out of trim and recoveries will often find the pilot lean- 
ing far away from the vertical after several corrections. 


This does not happen if the weather is clear and the pilot 
is able to fly “contact.” 
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We subscribe to the idea that the visual function is most 
important, certainly it dominates the others. For example, 
following recovery from a fast right spin, the pilot if flying 
blind will receive from his overstimulated labyrinth the very 
real illusion that he is now spinning to the left. He makes 
necessary correction and again reverts to a right spin. 


If there is any degree of horizon visible an exactly oppo- 
site phenomenon often occurs following such a spin. 


After rotation to the right — and arrest of rotation: 
1. Endolymph flow or pressure is to right. 
2. The slow component of ocular nystagmus is to the right. 


3. The visual illusion is that the horizon is still sweeping 
to the left, and that the plane is turning to the right. 


4. Corrective procedure is to follow the horizon, and a left 
spin often results. 


All this in spite of the fact that the vestibular illusion is 
that of turning to the left. The eye says “no.” “We’re still 
turning right’ and the conscious mind accepts the visual 
information and suppresses the labyrinthine. 


Vertigo is the disturbance resulting from disharmony 
between the organs of equilibrium. The two most highly spe- 
cialized being the labyrinth and the oculomotor apparatus, it 
is easy to believe that conflicting impressions received by the 
subconscious mind from these two can cause the severest 
symptoms. The visual function being most important in fly- 
ing has led to the development of the paradox — use of the 
eyes alone and to the exclusion of all other senses whenever 
one must “fly blind.” 
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DISCUSSION. 


Sure, Lirut. 8S. M. Davipson (by invitation): I am afraid I cannot add 
anything to the discussion about medicine on board ship as I have seen 
very little active service afloat in the Navy, but I have been bombed a 
number of times on shore and there are several points in that connection 
which might be of interest. 


I was stationed in a southern port of England, and we had no raids 
during the first eight months, but thereafter they came very frequently. 
The bombings tended to occur in cycles; we would get a month’s rest and 
then they would come and continue to come for four nights out of five, 
and then intermittently until the next series began again. 


We did not have great numbers of casualties — how the civilians man- 
aged to get out of the way I do not know, but considering the weight of 
bombs dropped it was surprising that there were not more casualties. 
The ratio of fatalities to casualties was high — one to three — the reason 
being that everyone had a certain amount of protection, and when that 
protection was destroyed the people were killed. Many of the civilian 
precautions broke down due to road blockage, etc., so that doctors and 
ambulances could not get around. The majority of the casualties were 
slight, but we dealt with a large number of them. The casualty clearing 
station where I was located had about 100 hands for special raid duties, 
such as fire-fighting and rescue work, and people were always dropping in 
with burns, cuts, lacerated hands, etc. About 10 per cent of the casual- 
ties were very serious indeed, and my experience has been that they are 
either very slight or very serious. The serious cases were chiefly head 
wounds, due to being caught in the upright position by bomb fragments, 
or else being crushed under collapsed buildings, most of which are of 
brick and have produced a lot of injuries. A big building forms a 15-foot 
pile of rubble, and in my experience the deaths and serious casualties 
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have been among people sheltered in the basements of these buildings. 
This has been so striking that nothing could persuade me to go below 
ground. 


Three houses next to where I was functioning were hit on three differ- 
ent nights. All collapsed. Each house had four persons in it — approxi- 
mately one on each floor, engaged in such duties as fire-watching, etc. 
Of those 12 people, four were killed; one, I think, was probably in an 
open doorway and must have been killed instantly; one was never found; 
two were smothered, and I made an ordinary physical examination and 
could find no outward sign of injury. They were smothered by brick-dust 
because they were trapped under debris for a number of hours. One we 
got out after two hours, having shifted the whole of the house. He was 
under a beam which kept the entire weight of the rubble off him, but 
he was encased in about six inches of brick-dust, and another man in 
another basement was exactly the same. 


All the people in the upper stories got off with minor injuries. One 
was actually in the attic, and he came down slowly with the house; he 
was cut in many places by tiles but no bones were broken. The man on 
the next floor crawled out, and it took us a quarter of an hour to free 
the man on the ground floor. He had one minor cut. I am convinced that 
where you have brick buildings, you are much better off on one of the 
floors. 


One of the most miraculous escapes I saw was in connection with the 
falling of a 1,000-pound bomb. A sub-lieutenant and a guard were stand- 
ing together in a doorway chatting, one on guard and one on fire duty, 
and heard the bomb coming down suddenly. Neither of them could move 

they were petrified. The sub-lieutenant said later that he heard the 
bomb, which actually struck 20 or 25 yards away. He felt it going into 
the earth before it exploded. The house collapsed; we shifted about two 
tons of masonry; and we got him out absolutely unharmed about an hour 
and a half later. The whole weight of the building was taken by the 
door and his tin hat. The fellow beside him was killed, and almost cer- 
tainly had blast-pneumonitis because he had that suffused look on his 
face that we see in severe lung injuries. And those two men were 
together. No postmortems were performed on these casualties. 


If there is a raid, there are certain things I like to do if I can: wear 
warm clothes, have plenty of cigarettes, and get a hot drink if possible; 
but by far the best thing is to give everybody a job, no matter what. 
Make them take out hose-pipes and unwind them — anything to keep 
them busy. I found that as long as I was dealing with casualties I was 
calm. If you have nothing at all to do except stand and wait, it is almost 
impossible to remain calm and collected. One should always have a 
flashlight, although where we were (in the target area) there was plenty 
of light, due to numerous surrounding fires. 


I always made all my boys carry with them a woolen sock so that if 
they were caught in a building which was being bombed they could put 
it over the nose and mouth to prevent their inhaling brick-dust. Another 
thing we used to carry with us was a pair of celluloid eyeshields to pro- 
tect the eyes. There is a tremendous lot of fire, and sparks and brick-dust 
fly everywhere; a celluloid eyeshield is probably one of the best gadgets 
to have. 


Finally, if it can possibly be arranged, have in the shelter or casualty 
station almost exclusively male company, so that one may enjoy the 
privilege of swearing, which gives a most blessed relief. 








STUDIES OF DEAFNESS IN TWINS. OTOSCLEROSIS IN 
IDENTICAL TWINS. THREE CASE HISTORIES.*+ 


Dr. EDMUND PRINCE FOWLER, New York. 


Otosclerosis is such a common disorder that it should be 
possible to determine some common conditions underlying its 
etiology and to what degree it is hereditary or dependent on 
environmental influences. 


We know that otosclerosis is hereditary in certain families, 
and in the proportion of one male to two or more females. 
The characteristic otosclerotic process is slow in development, 
although it seems clinically to be rapid immediately upon 
reaching the stage where deafness is noticed and often after 
puberty, child-bearing and near the menopause. It may 
become arrested or take years before it causes the great 
degrees of deafness which occur with complete ankylosis, 
blockage of the round window, or neural apparatus involve- 
ment. It never shows an impressive recovery of hearing and 
seldom causes total deafness. It often skips many or even 
all siblings. No noticeable deafness occurs in 75 per cent of 


the cases diagnosed as otosclerosis in routine unselected 
autopsies. 


We also know that the neural, inflammatory, endocrine, 
nutritional, vitamin, dietary, climatic,t chemical and mechan- 
ical theories have proved unsatisfactory as to causation, and 
even as to acceleration or retardation of the otosclerotic 
growths. All so-called ‘‘cures” have failed to cure either the 
otosclerosis or the deafness. They have often taken advan- 
tage of the fact that the deafness may not progress for long 
periods and that it varies from time to time with changing 
mental attitudes and superimposed hearing disorders. Even 
though we may be able to prevent or control otosclerosis, its 
inheritability will remain unchanged and so the problems of 
prevention, arrest and alleviation will always be with us. 





*Read at the Seventy-fifth Annua 
Society, Inc., Atlantic City, May 29, 

These studies were supported in part by a grant from the Central Bureau 
of Research of American Otological Society. 

tl have letters from many parts of the world telling of otosclerosis being 
common therein. 


Editor’s Note: This ms. received in Laryngoscope Office and accepted for 
publication, June 22, 1942. 
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Identical twins are more nearly subjected to identical hered- 
itary influences than nonidentical twins or siblings, because 
they are developed from a single ovum and usually live under 
similar environments. They react similarly to many biologi- 
cal tests and inherit a strong tendency to acquire many 
diseases and disorders at similar age periods; however, there 
are always some differences in the environment even for 
identical twins, both before and after birth. 


To a very careful observer even identical twins never look 
exactly alike and they usually vary in weight and in some of 
their reactions to psychosomatic stimuli. In some cases the 
otosclerosis does not run an identical course in each twin. In 
some the right and in others the left ear is the first, and may 
be the worse, or only ear affected. 


Many new growths occur in twins but not always simul- 
taneously, symmetrically or similarly. Hodgkin’s disease and 
osteogenetic sarcoma have been seen in one and not in the 
other twin. 


The mechanisms in stable growth produce a progressively 
differentiated organism headed to specific ends, but there is 
a great capacity of adaptation to external and internal 
adverse exigencies. The distinctive developmental pattern in 
growth in specific organs is inherited or acquired in early 
life and, though plastic and variable, maintains basic durable 
characteristics. The biochemical mechanism tends constantly 
to prevent one organ or one individual from becoming another 
but does not prevent local disturbances of growth or func- 
tion. Some developmental processes and growth errors, such 
as otosclerosis, show great tenacity. These facts suggest the 
possibility of finding differences in the environmental factors 
in identical twins with relationship to etiology, progression 
or cessation of the otosclerosis. Otosclerosis is rare in identi- 
cal twins, only six instances having heretofore been reported. 


Cases Previously Reported: Shambaugh, Sr., and Sham- 
baugh, Jr.,2 have reported two instances of nerve deafness 
with possible otosclerosis “without ankylosis of the stapes” 
in identical twins. This diagnosis is theoretically possible but 
not probable and so I have not included these in the total of 
six instances mentioned above. Shambaugh, Jr.,* reported 
three instances of otosclerosis in identical twins. He states 
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that Albrecht‘ reported the first and Rodin’ the second 
instance of the condition. In the twins reported by Albrecht, 
although environmental conditions were basically different, the 
otosclerosis ran an identical course in each twin. In the twins 
reported by Rodin the environment and course of the dis- 
order were identical. In the three pairs of twins reported by 
Shambaugh, Jr., one pair, in spite of similar environments 
and diseases, showed a difference of 16 years in time of onset, 
with little deafness in the less affected twin, who had fewer 
colds. In one pair it began five years earlier in the one twin 
who had more head colds. Both married. The twin having 
fewer head colds had one child, with no increasing impair- 
ment in hearing until after the menopause. In one pair, it 
began five years earlier in one than in the other twin. The 
twin who had the more head colds showed increasing progres- 
siveness with upper respiratory episodes and was the first to 
become deafened. The other twin, after becoming pregnant, 
was much deafer. 


Recently Hagens® reported one pair of twins with otosclero- 
sis. The only factor thought to be associated with the differ- 
ence in the time of onset (a few years) and the greater 
degree of deafness in this pair, was marriage and the bearing 
of a child. In both, the left ear was involved before the right. 


In these six instances of identical twins it was not always 
possible to determine the exact incidence of deafness or oto- 
sclerosis in the ancestors, but in the twins reported by Hagens 
the mother and many of the mother’s brothers and sisters 
suffered from deafness; in one pair reported by Shambaugh, 
Jr., both parents and all siblings showed hearing loss. It is 
notable that deafness was present to some extent in every 
individual in these six pairs of twins, but this does not nec- 
essarily imply that the hereditary factor was the only or even 
the determining factor involved. 


In the three pairs of twins that I am here reporting, in 
addition to the usual observations and examinations, I have 
considered blood counts, blood chemistry, Wassermann reac- 
tions, basal metabolic rates, finger prints, photographs, eye 
grounds, teeth, cardiograms and repeated audiograms by air 
and bone conduction* (see Figs. 1, 2 and 3). For greater 






*Because of similarity of names I discovered that one pair of my twins 
(the second) were examined and reported by Shambaugh, Jr., in 1935. My 
examinations will therefore serve in this instance to check and supplement 
his. 
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ease of comparison I have arranged most of these observa- 
tions in composite tables (see Tables I, II, II] and IV). The 
full details are set forth in the case histories. 


CASE HISTORIES.* 
Pair 1: Dorothea “A” and Veronica “B,” age 19 years. 


Family history probably negative. Nine siblings were born before these 
twins; afterwards, none. During pregnancy mother was very ill with 
nausea and dyspnea. She took no drugs but diet was very limited, 
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Fig. 1. Notice, at first sight the optical illusion of a marked difference in 
the hearing of the right ears, although the greatest difference is not over 
15 deb. at any frequency. The left ears differ from 5 to 15 dcb. at several 
frequencies and at 512 there is a difference of 20 dcb. It will be noted that 
in twin “A” there is a great difference between the hearing in the right and 
left ears. This suggests the influence of lesions other than pure otosclerosis. 
The B.C. is normal and similar in “A” and “B” at all frequencies. There is 
no conduction deafness at the high frequencies of 4,096 and 8,192. 


Fig. 2. The left ear appears to be the better hearing ear in each twin, 
although for voice the left is the better for “A” and the right for “B.” The 
difference between the twins is not over 15 dcb. for either ear in the fre- 
quencies most important for speech, 512, 1,024, 2,048. Notice the B.C. losses 
above 1,024. There is little or no conduction deafness at the high frequen- 
cies of 4,096 and 8,192. 

Fig. 3. Notice the general similarity of the curves of the left ears in each 
twin and for both ears in twin “A.” The hearing in the right ear of twin 
“B” is only slightly affected. There is a B.C. loss above 1,024 in both twins. 
There is little conduction deafness at the high frequencies 2,048, 4,096 and 
probably not at 8,192. 


health was good until 1940, when, at 63 years of age, she had a cardio- 
mainly milk and ice. No hearing changes connected with pregnancy, 
labor or lactation. Milk was ample, but only for three months. Mother's 





*One pair of these twins was sent to me by Dr. Clarence Smith, one pair 
by the New York League for the Hard-of-Hearing and one pair came because 
they had read somewhere that I was studyin deafness in twins. 
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vascular disorder. She is now overweight. Father suffered from cardio- 
vascular asthma. 


Differences between “A” and “B” before and after the onset of the 
deafness: Both twins were robust until 12 years of age when “A” lost 
weight and strength. Deafness was first noted in twin “A” when 18 
years of age in the left ear; in twin “B” when 12 years of age in the 
left ear. 


Menstruation began: “A” 15 years, “B” 14 years. No menstrual dis- 
orders. 


Ascribed possible cause: “A” smoking, “B” diving and swimming. 
Both stated that the right ear is little affected, but that the deafness in 
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their left ears is progressive. (Audiograms show the present threshold 
bilateral losses and the hearing distances for conversational voice see 
Fig.1). 


“A” eats more spinach than “B” and “B” more salt than “A.” “A” 
likes fish, “B” does not. Both drink several glasses of milk a day but 
“B” more than “A.” Otherwise no food differences. 


“A” never employed (hence more opportunity to smoke). “B” employed. 


Exanthemata: Mild measles, scarlatina, pertussis, chicken pox and 
mumps in both “A” and “B.” Earaches: “A” none, “B” only in 1941 
when there was a slight transient pain in left ear. Head colds: Seldom 
in either twin. Tonsillitis: “A” none, “B” twice, 1936 and 1941. Twins 
have never lived apart, and they share the same room and bed. “B” 
always sleeps nearer the window. 


“A” is free from headaches and does not wear glasses. “B” wears 
glasses to correct headaches. Retinal vessels are grouped unalike.* 





Tinnitus: “A” none until July, 1941. Now has buzzing in right ear 
and also a hissing sound like a thermal noise and at times like a middle 





*The eyes of all these twins were examined by either Dr. David Webster 
or Dr. Walter Hipp. The blood examinations were made by Dr.. Hillman. 
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C tuning fork, intermittent and no relation to menstrual periods. In 
October, 1941, I noted right (better ear) Eustachian tube was tempo- 
rarily slightly blocked. Some lymphoid hypertrophy behind the posterior 
pillars and in Rosenmiiller’s fossa. Otoscopy negative except slight 
retraction of both drums and pink glow in left drum. “B” first noted 
tinnitus in August, 1941, in both ears after excessive smoking and bath- 
ing and swimming under water. This continued for one day, was louder 
at night, and throbbed synchronously with pulse (sometimes like a bell). 
No relation to menstrual periods but was increased by excitement and 
after retiring. No noticeable effect upon hearing. In two weeks tinnitus 
diminished in both twins and was only noticeable occasionally. Otoscopy 
negative except for a slight pinkish glow from the promontory in the 
left ear (see audiograms, Fig. 1). ‘“A’s” voice is pitched higher than 


TABLE I. OTOSCLEROSIS IN IDENTICAL TWINS. 


! First born. MOTHER’S HISTORY. 
B Second born. 





vA 
ar @ 1 
Sue 3 te 
Twin { 
Dorothea* A Very | Mostly 
Age 19 Neg. ill 3 mos. (milk None 9 0 
Veronica* B and ice 
Sylvia* A 
Age 32 ? Norm. Scanty Norm. None 0 1 
Lilian B 
Ruth A 
Age 32 Pos. Nausea Nil Norm. None 6 0 
Mildred B 


Bold face is deafer twin. *Both parents had cardiovascular disease. 


Table I. Showing abridged history of the mothers before and after the 
birth of their twins. It will be noted that in no instance did any of the six 
babies receive adequate mother’s milk. There was no ear disorder in the 
nine siblings born before twins (1). 


“B’s.” Neither twin can keep a tune, although all of their brothers and 
sisters can. When twins were about 12 years old, twin “A” noted that 
she heard well when “B” sometimes did not hear. 


Dr. Thomas F. Cloney examined the teeth and stated that there was a 
striking similarity in the amount of restorative dentistry and in the type 
of occlusion in both mouths. “A” had seven small silver restorations in 
her maxillary teeth and two small restorations in her mandibular teeth, 
a total of nine fillings. “B” had eight small silver restorations in the 
maxillary teeth and two small silver restorations in her mandibular teeth, 
a total of 10 fillings. There were no active carious lesions in either 
mouth. Lower first molars in each twin had been extracted due to caries. 
In the “A” the left first bicuspid had been extracted. “B” is missing both 
upper first bicuspids but stated they were not extracted. 


In “A” the teeth are closely spaced; in “B” more openly spaced. 


The mandible in each twin seemed overdeveloped, probably due to 
abnormally large tongues. The jaws and teeth were not in normal occlu- 
sion, but the teeth presented a pleasing appearance. The loss of the 
lower first molars helped the alignment of the teeth. 
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Dr. Charles B. Davenport reported on the finger prints I made of these 
twins as follows: The finger prints and dermatographs are very inter- 
esting and show an extraordinary resemblance, especially in the arches 
on the radial side, which pass over into ulnar loops with from one to 
three ridges. The corresponding hands resemble each other in that there 
is a loop in the seventh interdigital space. This is found on all four 
hands but is almost rudimentary in the hand of “B.” “On the basis of 
these prints alone I would say that the twins are clearly monozygotic.” 
The blood chemistry is shown in Table III and is commented upon under 
“Discussion.” 


Pair 2: Sylvia “A” and Lillian “B,” age 32 years.* 
Family history probably negative as to deafness. No children born 


before these twins, one born afterwards. Health of mother during preg- 


TABLE Ill. OTOSCLEROSIS IN IDENTICAL TWINS. 





=< ac oa Zs se 

S ci Zz ol S 

— - 
BLOOD COUNT 2 
Hgb. 82% 83% TA% 85% 82% 80% 
Erythrocytes 350M 1600M 4420M 4450M 4480M 4700M 
Leucocytes 6,100 7,700 6,200 6,000 6,400 8,100 
Color index 95 -90 84 .96 .93 .85 
Corpuscles Norm. Norm. . Norm. Norm. Norm. 
Polys, segmented 47% 58% 40% 50% 58% 64% 
Polys, non-seg. 2% 3% 0% 0% 2% 3% 
Lymphocytes 16% 34% 54% 44% 34% 30% 
Monocytes 1% 2% 5% 1, 4% 5% 3% 
Eosinophiles 1% 3% 1% 2% 1% 0% 
Basophiles 0% O% 0% 0% 0% 0% 
Other cells 0% 0% 0% 0% 0% 0% 


Some anisocytosis and microcytosis. tDeafer twin in each pair. 


Table III. The blood count and differential in each instance shows close 
agreement. 


nancy and labor good as far as is known. Nursed both twins, breast 
milk scanty. No drugs used during pregnancy or labor. Diet ample. No 
hearing changes connected with pregnancy, labor or lactation. Mother 
died of dropsy at 37 years of age when twins were 9 years old, and their 
care thereafter was not as good as before. Father died when twins were 
17 years old. Most of his life he had arthritis and endocarditis. 


Differences between “A” and “B” before and after the onset of the 
deafness: Both twins were fairly robust, but at birth their weight was 
2% pounds. Now, at 32 years of age, they each weigh 108 pounds. “A” 
Was underweight in childhood, “B’’ was average. “A” first noted some 
deafness in the right ear at 17 or 18 years. “B” at 21 years first noted 
deafness in her left ear (more rapidly progressive than in “A’’). Con- 
versational voice understood by “A” at 3 feet and “B” at 2 feet. (see 
audiograms, Fig. 2). 


Menstruation began for “A” at 16 years, “B” at 14% years. 

No cause for the deafness was known. 

“A” is single. “B” married at 23 years of age and has one child now 
7 years old and another now 3% years old. These births caused no 
noticeable change in the rate of loss in “B’s” hearing. 


*Reported by Shambaugh, Jr., as the third pair. 
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“A” is more nervous than “B.” 


Sleep, diet, foods and beverages show no differences between the twins 
except that “B” eats more greens than “A” and “A” drinks more milk 
than “B.” 


Slept in same room until nine years ago when “B” married. 


Exanthemata: Light measles and pertussis in both, with no otitis. No 
headaches, allergies nor accidents. Tonsils and adenoid operations twice 


TABLE IV. OTOSCLEROSIS IN IDENTICAL TWINS. 


| 
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BLOOD CHEMISTRY P = 
Choleserol 210.0 200.0 | 215.0 200.0 280.0 | 300.0 
Calcium total 10.1 | 9.8 9.2 93 | 9.7 |; 98 
Inorganic phos. 4.4 4.3 4.0 | 4.4 3.21 3.41 
Phosphatase Act. 4.9 3.7* 1.6* 2.3 | 2.8* 3.2 
Wassermann Neg. | Neg. | Neg. | Neg. Neg. | Neg. 
| | | 
BASAL ‘i { “ PT 
METABOLIC RATE oa! — —6¢ | —1 +2 | +7 
Height (inches) 63% 63% | 62% 61% | 64% | 64% 
Weight (pounds) / 103% 113 ; 108 108 | 127% | 117 
Pulse rate, per min. 80 70 | 76 76 | 80 i 88 


The dagger is placed before the name of the deafer twin in each pair. 

indicates twin who first noticed defness. 

Table IV. The blood chemistry in each instance shows very close agree- 
ment. In each pair the twin who first noticed any deafness now shows a 
lower phosphatase activity than the other twin. The cholesterol is slightly 
lower in the deafer twin of each pair. Notice the difference in B.M.R. in 
first pair. 


in “A” and once in “B.” “B” at times lately has slight clogging of the 
nose in the A.M., but few head colds. “A” always has been susceptible to 
head colds. 


Tinnitus: None in “A.” “B” intermittently in both ears but now con- 
stant, slightly increased and pulsating when excited. 


Treatment: “A” diathermy for one year at 18 years, “B” no treatment 
except diathermy for 12 treatments; no benefits in either twin. 


Otoscopy shows nothing abnormal! iu either twin, but all drum mem- 
branes are dull and the malleoli in all ears was slightly foreshortened. 
No pink glow from promontory. 


Eyes: Retinal vessel patterns are different. In “A” there is a pigment 
defect on the disc of the right eye; the left eye is negative. 

Dr. Davenport examined the finger prints and reports that the twins 
are probably monozygotic. 

The blood chemistry is shown in Table III and is commented upon 
under “Discussion.” 

Pair 3: Ruth “A” and Mildred “B,” age 32 years. Occupation, modistes. 


Family history: Mother had perfect hearing. Maternal grandmother 
started to lose her hearing at the age of 24 years following colds and 
earaches as a child. Had three children by the age of 24 years. When 
25 years old had “typhoid pneumonia.” After that her hearing got worse 
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and as the years passed she became quite deaf. All known relatives of 
this grandmother could hear well. Of her children, one became deafened, 
and one died at age of 8 years. Maternal aunt of the twins noticed signs 
of faulty hearing at the age of 24 or 25 years. Doctors told this sister 
that she had a perforated eardrum in one ear which resulted either from 
a blow in the ear or from a neglected abscess. She had suffered a nerv- 
ous breakdown at the age of 22 years; had many bilious attacks. She 
married at 25 years and had three children. Her ears became worse 
with the years. Her children’s hearing is perfect so far; their ages are 
now 25, 23 and 14 years. She was the third child. 


Maternal grandfather had perfect hearing. He was one of 11 children. 
Two of his sisters could not hear well. Both became deafened after 
child birth, one married at 37 years of age and became very deaf sud- 
denly after birth of a child which died within a few days. The other 
sister became gradually deafer after each child was born. Her children 
heard perfectly but her grandson started to lose his hearing around 
25 years of age. Another of the grandfather’s sisters who had perfect 
hearing had a son who was deafened. Father had perfect hearing. His 
father and mother had perfect hearing and all other known relatives had 
or have good hearing except his one sister who became deaf after an 
attack of rheumatism and edema complications at the age of 40 years. 
She was the fifth child. She had four children, all with perfect hearing. 
All other sisters and brothers of father have perfect hearing, as have 
their children. 


No children born before or after these twins; mother’s health always 
excellent; milk insufficient for two babies, hence did not nurse them. No 
change in hearing during pregnancy, labor or lactation (considerable 
nausea). No drugs taken. 


Differences between “A” and “B” before and after the onset of the 
deafness: “A” turned before delivery; and “B” delivered with instru- 
ments. Weight: “A” at birth weighed four pounds. “B,” born three hours 
after “A,” weighed three and one-half pounds. At present time “A” 
weighs 135 pounds (gained 20 pounds in last two years). “B” weighs 
122 pounds (gained 22 pounds in last two years). 

Health and habits: “A” is quiet, “B” is thinner and more nervous. 

Deafness first noted in “A” at 20 years, first in left ear; in “B” at 
20 years in left ear. Progressive in both ears in “A” and in left ear in 
“B.” Conversational voice now heard by “A” at three feet for right and 
three feet for left; “B” nine feet for right and four feet for left. “A” has 
natural voice and “B” has a somewhat muffled voice. “A” wears hearing 
aid (see audiogram, Fig. 3). 

Menstruation sometimes temporarily lowers “A’s” hearing if she i* 
nervous. No effect on “B.” 

“B” took iron and cod liver oil for two years. 

At 3 years of age both had ptomaine poisoning. 

“A” has had many gastrointestinal upsets and now is more constipated 
than “B.” “B” had pleurisy, right, nine years ago, for three months, and 
for two years pulmonary tuberculosis. Now inactive. “A” has no history 
of pleurisy or tuberculosis. 

Food: “B” drinks more milk than “A.” 

Tonsils: Small in both “A” and “B.” Some hypertrophied lymphatic 
tissue in nasopharynx in “A”; none in “B.” Tubes patent in “A” and “B.” 

Earaches: “A” one at 5 years of age; “B’” remembers none. 

Allergies: Neither twin can wear wool without some pruritis. Neither 
can drink beer, because it causes reactions and tingling below ears. 
“A” had severe growing pains and still has indefinite aches and pains. 
“B” has pains in right hip and thigh at times like growing pains but not 
as bad as “A.” 
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Operations and accidents: None. 


Menstruation: “A” at 13 years of age; “B” at 14 years of age. 


Exanthemata: All with no ear complications in either twin. 
Headaches: Seldom, but nose often stuffy in both. 
No effect of any of above on hearing of either twin. 


Twins have always occupied same room and same bed until three 
years ago. “A” slept nearer the window. 


In 1,935 tests made by Dr. J. C. Holzberger showed a flat loss average 
for “A” 20 deb. in the right and 35 deb. in the left ear, and for “B” 25 
deb. in the right and 40 deb. in the left ear. Both twins think that their 
ears were tested also in 1930 after deafness was noticed when they were 
20 years of age, but the records are not available. 

With the exception of increased drum transparency. in “A” and a 
slight retraction of the drums in both twins the otoscopic examination is 
negative. The Eustachian tubes are physiologically patent. Hair, perspi- 
ration and cerumen in external auditory canals in both twins is perhaps 
below normal in amount. 


Stereoscopic Roentgenograms by Dr. Frederick Law: There is a dis- 
tinct difference in the anatomy of the nasal accessory sinuses and mas- 
toids in these twins. Although the general structure is similar, “B’s” 
frontals are smaller than “A’s.” There is a large pocket on the outer 
border of the right frontal in “A” which is not present in “B.” The max- 
illary antra and ethmoids appear to be similar in structure. The sphe- 
noids are similar in size. The sella turcica in each case is similar in 
shape and size but the anterior clinoid processes in “B” are much smaller 
than in “A.” The clinopetrous ligament is calcified in both “A” and “B.” 
There is no change in the appearance of the meningeal vessels. The 
dissimilarities are similar to those observed in any unrelated individ- 
uals; however, the pathology as shown by the X-ray is identical for the 
ethmoid septa. Both mastoids are similarly pneumatized, “B’s” show 
more squamous cells, while “A’s”’ show more zygomatic cells. In “A” 
there is bilaterally three degrees of condensing osteitis (indicating healed 


lesions) and in “B” three degrees of absorption (indicating chronic 
lesions). 


Dr. Thomas F. Cloney reports upon the teeth as follows: Except for 
the fact that the protruding upper lateral is on opposite sides of the 
mouth in these twins it would be impossible to tell which was which. 
Both girls have the same type of malocclusion, but on opposite sides of 
the mouth. Their teeth are fairly free from caries and restorative den- 
tistry is about the same in each. One twin has had a tooth extracted 
following a root abscess. “A” had two filled two years ago; “B” one 
filled two years ago. 


The electrocardiograms by Dr. A. W. Duryee show no abnormalities 
and nothing that could be accounted for by twinning. “B's” show simple 
tachycardia. 

Dr. Charles B. Davenport reports that his study of the finger tracings, 
and the palm formulae, indicate that the twins are probably monozygotic. 


The blood chemistry is shown in Table III and is commented upon 
under “Discussion.” 


COMMENT. 


In no instance was there immobility of the malleolus, exos- 
toses in the external meatus, or other otoscopic abnormalities 
with the possible exception, in the two older pairs of twins, 
of a slightly subnormal amount of cerumen, sweat and hairs 
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in the meati, and a pink glow from the promontory in only 
one pair of twins (left ear of twin “A” and both ears of twin 
“B” in the first pair). No marked differences in the eyes, 
teeth, diet, or in most of the laboratory findings were noted. 

Only in the third pair of twins was there an impressive 
history of deafness in the family (see Table I). 


In the first pair neither twin gave a history of many head 
colds, although both had some hypertrophied lymphoid tissue 
posterior to the pillars and in the nasopharynx. The deafer 
twin, “B,” showed this in greater amount. 


In the second pair the deafer twin, “B,” had fewer head 
colds but both twins were very hard-of-hearing and had some 
hypertrophied lymphoid tissue in the nasopharynx. 


In the third pair, the deafer twin, “A,” had more head colds, 
some hypertrophied lymphoid tissue in the nasopharynx and 
one earache at 5 years of age. The better hearing twin, “B,”’ 
suffered few head colds and no earaches but had a slight 
involvement of the lung and pleura which is now healed. 


In the second and third pairs of twins there was greater 
deafness in the twin who drank less milk, but in the first pair 
of twins the greater deafness was in the twin who drank 
more milk. Note that in each instance the twins slept in the 
same bed but that in the first and third pairs the deafer twin 
slept nearer the window, which may have accounted in part 
for more lymphoid tissue in these two individuals. In these 
twins menstruation and child-bearing, so frequently quoter 
as affecting the hearing in otosclerosis, did not cause any 
notable changes in the hearing acuity except in twin “A” of 
the third pair during menses when she was nervous. 


Although frequent head colds (sinusitis’) would appear to 

coincide with the more severe degrees of deafness in the 
majority of the otosclerotic twins reported to date, it must 
be kept in mind that the deafness caused by the upper repira- 
tory lesions may have been only superimposed upon that 
caused by the otosclerosis, and hence have had little or no 
direct connection with initiation of the otosclerotic process. 
It is reasonable, however, to believe that such, and other rela- 
tionships, if observed in a large number of cases, will be of 
some significance. 


In this connection it must be kept in mind that susceptibil- 
ity to colds is not necessarily only environmental; it often is 
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inherited. We all tend to resemble our parents externally and 
internally and react to both external and internal environ- 
mental episodes like our parents. There is in some families 
a predilection to excessive lymphoid tissue in the nasopharynx’ 
and to striking similarities in the size and contour of the 


nasal accessory sinuses. We are made of the same “familial” 
stuff. 


Other things besides head colds, however, are known to 
affect the hearing in persons with otosclerosis, as well as in 
those with other types of deafness. It may be that one reason 
why men are less subject to otosclerosis than women is thei? 
relative freedom from many of the adolescent and later-age 


reproductive and endocrine-mechanism readjustments pecu- 
liar to women. 


It is interesting to note the close agreement in the blood 
count (see Table III) and chemistry (see Table IV) values 
in each pair of twins. This indicates close harmony in the 
backgrounds of inheritance and environment. 


The phosphatase activity in each pair is less in the twin 
who first noted the deafness, and with one exception the twin 
who is now the deafer in each pair. Just what this means 
it is hard to say; it may mean little or nothing. Low phos. 
phatase activity has not been ascribed to any definite dis 
order, but it may be an indication of continued low connec- 
tive tissue or osteoblastic activity (bone growth). In some 
of the twins, the calcium tends to subnormalcy. The other 
chemical variations are so small that nothing important seems 
deductible therefrom. All the twins were healthy appearing 


people, which is so often the case in those harboring oto- 
sclerosis. 


In the first pair of twins there is a difference of 14 in the 
basa! metabolic rates (A — 7, B + 7) (see Table IV). This 
is under the conditions a real variation and suggests some 
difference in thyroid function. Whether it has to do with the 
etiology of otosclerosis or is the result of psychosomatic reac- 
tions from the deafness, or something else, I do not know. 
Basal metabolism may vary greatly in otosclerosis as in many 
other diseases (and in perfect health) and often without any 
known connection with the disorder under investigation. It 
seldom varies as between identical twins. Early and repeated 
examinations should be made to be sure that the variations 
are not merely due to laboratory techniques. 
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It must be kept in mind that all these observations were 
made after the otosclerosis was well established. What is 
needed is continued careful otological and laboratory observa- 
tions and statistical handling made preferably before and at 
the beginning of the otosclerosis. This is only possible of 
attainment if we persist in making early and regular exami- 
nations of children (especialy identical twins) of otosclerotic 
ancestry. 

To this end I have recently collected the names of some 
150 twins and triplets who now show no deafness. Their 
parents are being questioned as to deafness in their families 
and when positive family histories are disclosed the twins 
will be kept under close observations for many years, when 
possible. They will be used also to develop tests for earl, 
diagnosis. There is now no sure test, either for early or late 
otosclerosis. 

In addition I have carefully examined 40 pairs of twins, 
many of whom have various types of deafness. 


All the statistics I am accumulating may appear futile, 
because they are thus far largely negative, but this does not 
mean that they are worthless. The data in the cases of oto- 
sclerosis can be compared with the data obtained in other 
forms of deafness and thus some day something worthwhile 
in etiology, early diagnosis or treatment will be discovered. 

The chief difficulty lies in obtaining the cases, so I again 
appeal to you for the names and addresses of identical twins, 
one or both of whom have partial deafness from otosclerosis 
or whose parents have otosclerosis. 


BIBLIOGRAPHY. 


1. CHARACHE, HERMAN: Am. Jour. Roentg. and Rad. Ther., 46:1:68-74, 
Sept., 1941. 


2. SHAmMBAUGH, G. E., Sr. and Jr.: Progressive Deafness in Identical 
Twins. Arch. Otol., 17:171, Feb., 1933. 

3. SHAMBAUGH, G. E., Jr.: Otosclerosis in Twins. Jour. A. M. A., 17:104- 
216, April, 1935. 

4. ALBRECHT, W.: Zitschr. f. Hals., Nasen. u. Ohrenheilk., 29:55-60, 1932. 

5. Ropin, F. H.: Identical Hearing Defect in Identical Twins. Arch. 
Otol., 17:179, Feb., 1933. 

6. HaGEeNs, E. W.: Arch. Otol., 34:583, Sept., 1941. 

7. FowLer, EpMuNp Prince: Otosclerosis Complicated by Other Lesions; 
a Study of Roentgenograms, Audiograms, Laboratory and Clinical Find- 
ings. Ann. Otol., Rhinol. and Laryngol., 42:3:714, Sept., 1933. 


140 East 54th Street. 








MENINGIOMA WITH UNUSUAL INVOLVEMENT OF 
THE TEMPORAL, SPHENOID AND 
OCCIPITAL BONE.*+ 


Dr. OTTO C. RISCH, New York. 


Meningiomas affecting the temporal bones comprise a 
group of malignant tumors presenting many interesting and 
unusual features, both from the clinical and pathological 
viewpoints. They form a field of controversy, and some have 
been reported under the diagnosis of endothelioma. Our 
attention was first called to them by the case upon which this 
communication is based. An attempt will be made to present 
the salient clinical features that these tumors are prone to 
develop and to discuss some of the controversial points found 
in the literature. 


CASE REPORT. 


The patient, a white male, age 23 years, came under observation on 
Aug. 20, 1941, because of pain in the right ear. Two years previously he 
had received a severe blow on the right side of the head during a fight. 
Since that time he complained of clogging and stuffy sensation in the 
right ear with progressing deafness and occasional spontaneous pain over 
the right temporal region. He developed stiffness of the neck and inabil- 
ity to turn his head to the rgiht. Later, there was difficulty in chewing, 
which caused pain in the right temporal mandibular joint. Previous oto- 
logic disturbances were absent and there were no other pertinent data. 


On examination, a large polypoid mass presented and completely 
obstructed the inner portion of the external canal. There was total deaf- 
ness. Spontaneous nystagmus was absent: Vestibular tests: After 10 
turns to the right, the patient showed first to third degree horizontal 
rotary nystagmus to the left for 10 seconds, a slight tendency to fall to 
the right, past-pointing to the right and absent vertigo. On turning to 
the left, corresponding responses were obtained. Caloric tests could not 
be performed, due to the polyp. Pressure over the right occiput pro- 
duced pain but failed to do so over the mastoid. There was protective 
rigidity of the neck on the right side when attempting to turn the head 
in this direction. There was pain in the right mandibular joint on 
motion. 


Neurological examination (Dr. John Nolan) revealed complete loss of 
function of the VIIIth cranial nerve but otherwise perfectly normal find- 
ings. The remainder of the physical examination was essentially normal, 
as were the routine laboratory tests. 





*Read at the Seventy-fifth Annual Meeting of the American Otological 
Society, Inc., Atlantic City, May 29. 1942. 
+From the Oto-Laryngological Division, City Hospital, Welfare Island, 
Department of Hospitals, New York. 
Editor’s Note: This ms. received in Laryngoscope Office and accepted for 
publication, June 22, 1942. 
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X-ray findings (Dr. Frederick M. Law):' Mastoids and adjacent regions: 
The right mastoid is large and cellular. The cells extend into the 
squamous and very well into the zygoma. The sinus is not visible. The 
cells are filled with dense granulations and* there is a large circular 
area of absorption in the center of the mastoid.* There is almost com- 





Fig. 2. 
(A) November, 1941. (B) March, 1942. 


plete absorption of the petrous bone on the right.‘ There is an appear- 
ance of a sequestrum in the region of the labyrinth, which seems to 
hang in space. The styloid process is intact from the articulation down. 
There seems to be some erosion in the floor of the posterior fossa. The 
eroded area extends into the floor of the anterior fossa to the foramen 
ovale and involves the right basilar process, extending into the posterior 
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fossa and eroding the right half of the foramen magnum. The region 
of Dorello’s canal is also involved. There is apparently no floor of the 
posterior fossa. There is no evidence of a posterior lacerated foramen 
and jugular fossa. This is suggestive of malignancy. The left mastoid 
is large, cellular and clear. 


The polypoid mass in the right external canal was removed with a 
punch. This was followed with profuse bleeding. It was, therefore, 
impossible to inspect structures beyond. 





Pathological report (Dr. J. R. Lisa):*° The most prominent feature of 
the polypoid mass is the presence in the corium of sheets of cells homo- 
geneous in size, faintly staining and having vesicular nuclei, oval or 
round in shape, equal in size and staining, and with a few small chro- 
matin masses. There are a very few thin-walled capillaries but they 
form an inconspicuous feature. The masses extend to the surface epi- 
thelium, which is thin, atrophic and has a few rete pegs extending down 
between the underlying masses. There is total absence of inflammatory 
cell reaction. Diagnosis: Papilloma.' 


Operation, Nov 13, 1941: The cortex of the right mastoid was thick and 
somewhat soft. Removal was immediately followed by profuse bleeding 
welling up from within the mastoid, which was filled with blood and 
soft mushy contents resembling granulation tissue. The mastoid cavity 
appeared completely gutted. On digital examination, the tegmen, sinus 
plate and the plate in Trautmann’s triangle were found destroyed. The 
dural surface felt smooth, although the extensive bleeding rendered 
impossible its visualization. The posterior wall of the external canal 
was intact and on attempted removal fractured apparently down to the 
facial canal. Due to the bleeding, a radical mastoid operation could not 
be completed. 


*athological report (Dr. J. R. Lisa): Gross: The specimen consists 
of small masses of reddish soft tissue resembling granulation tissue, 
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and a few spicules of bone. Histology:* The soft tissues consist of 
masses of cells, squamous to spindle in character. The nuclei are vesic- 
ular and similar to those of the original biopsy. There is very slight 
variation in size and staining, mitoses and macronucleoli are absent.’ 
There is a very rich vascular supply throughout the areas, the endothe- 
lium closely resembling the surrounding area. Occasionally the blood 
spaces appeared to lie free within the nests.” Reticulin stains show the 
presence of reticulin only immediately around the larger arteries; there 
is a complete absence of reticulum fibres between the cells.“ In the spic- 
ules of bone, small poypoid masses of similar nature to the soft tissues 
are growing into the mastoid cells. The lining epithelium is preserved 
in some areas and is perfectly normal. The bone itself also is perfectly 
normal, showing no reaction. Cellular inflammatory reaction likewise is 
absent. Diagnosis: Endothelioma. 


The original biopsy was then re-examined and a similarity to the tis- 
sue obtained at operation was recognized. Dr. Angelo Sala, Pathologist 





Fig. 4. Low power; soft tissue masses from operative field. 


of the New York Cancer Institute, reviewed the slides when the patient 
was transferred for therapy and agreed with the diagnosis of endo- 
thelioma. 


Recognizing that the tumor was unusual for the site of occurrence, 
the slides were submitted to several pathologists for their opinions. 
Ewing, Foot, Stout, Klemperer, Mallory, and Crowe, all made a diagno- 
sis of meningioma. The same diagnosis was made by Eisenhardt, com- 
paring it with a case of Woltman and Love.” Weller expressed the opin- 
ion that the tumor was a carcinoma, if it was primary in the mastoid 
region or auditory canal. He could see no evidence for meningioma or 
hemangioendothelioma. . 
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Fig. 5. High power; operative field. 





Fig. 6. Low power; reticulin stain showing reticulin limited to neighbor- 
hood of blood vessels. 


The patient developed a slight facial paralysis following operation, but 
the paralysis cleared in two weeks. Recovery was otherwise uneventful. 
He was transferred to the New York City Cancer Institute for deep 
X-ray therapy. During the course of treatments the ear remained dry 
and the wound closed. He was discharged improved to the out-patient 
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department after six weeks but failed to report for observation. One 
month and a half later, the wound began to break down, and he returned 
for further treatmert. At present, the postauricular wound is almost 
closed. There is a s,‘ght serous discharge from the wound and the audi- 
tory canal. He still has a protective rigidity of the neck and pain in 
the right occipital area. A caloric test gave negative results. A neuro- 
logical examination (Dr. L. V. Lyons) revealed no additional involvement. 


Meningioma involving the mastoid and temporal bones has 
been correctly diagnosed very infrequently. Fischer,” in 
1924, published the first extensive report in the otological 





Fig. 7. Temporal bone; operative specimen; invasion into mastoid cells by 
tumor. 


literature. Since then, one case each has been reported by 
Eisinger,’** Meurman,*! Cushing,’* Marx,** and Behrend and 
Barth.* Tadokoro™ submitted a very brief report of a single 
case in 1912. Fischer** reported his second case in 1935. 


Under the diagnosis of endothelioma, a few other cases have 
been placed on record. The three cases of Grasser®* are 
accepted by Cushing’* as meningioma. Sullivan reported one 
in 1934 which corresponds both clinically and pathologically 
with the present case. Case 1, Jeschek,** was reported under 
the term of “granuloma telangiecticum.” The photomicro- 
graphs correspond closely with type 4, variation 2,. of Cush- 
ing classified as an angioblastic meningioma. Ruf’s* case 
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reported under the term “endothelioma of the sheath of the 
acousticus,” has psammoma bodies and whorls. Eisinger' 
considered it a “dural endothelioma.” 


Under the term “endothelioma” there appear many other 
reports: Beck,? 1905; Miodowsky,* 1906; Henschen,* 1910; 
Dundas Grant,’? 1910; Fraser,”* 1912; Froning,” 1916; 
Junod,** 1922; Cleminson," 1925; Sauer,’* 1927; Colledge,’ 
1932; Seiffert,** 1934; Schall,*® 1935; Ide and Scal,*" 1942. 
Some of them may be of meningiomatous nature, but fre- 
quently the data are insufficient to permit an attempt to 
reclassify them according to Cushing’s conception of menin- 
giomas; however, some cases apparently are carcinoma (Pat- 
terson,** Leidler-Sternberg,®* Case 2). 


The case of Jack,*® Case 2 of Jeschek,* and the cases of 
Krepsuschka®. and Barola' are definitely endotheliomas and 
do not appear to have any relationship to meningiomas. In 
the case reports published as endotheliomas prior to 1900, the 
meningiomatous nature usually cannot be determined. Ras- 
mussen and Schmiegelow,** 1885, described their case as 
“psammomatous endothelial sarcoma.” The clinical symptom- 
atology suggests a probable meningioma but Marx** consid- 
ered it a doubtful case. The cases of Hegener,?*? Haug,” 
Nadoleczny** and Leutert** are even more difficult to classify. 


DISCUSSION. 


The females predominate among the meningiomas of this 
group. There were 10 females and four males, a ratio of 
five to two. This is somewhat higher than the sex predomi- 
nence found by Cushing,’® who stated that in his series of 
313 cases the ratio was three to two. 


The average among the females is 37 to 38 years, slightly 
less than the average found by Cushing of 42 to 49 years. 
According to decade there were two in the first, one each in 
the third and fourth, four in the fifth, and two in the seventh. 
Among the males the average is 43 years, almost a decade 
younger than quoted by Cushing. The youngest individual 
was 23 years of age, and the other three ranged from 45 to 
55 years. It was of interest to note that both cases in the 
first decade were females. 


Roentgenograms showed two interesting features: 1. Ex- 
tensive bone destruction without evidence of productive bone 
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reaction. 2. Preservation of the labyrinth. Sullivan®* reports 
the only other case with such extensive destruction. Scott” 
stated that malignant disease affecting the temporal bone 
seemed to be dominated by relatively easy penetration of 
tumor. The lack of productive bone reaction in the cranial 
base affected by meningioma was noted by Bernstein.‘ He sug- 
gested as an explanation that the reason may be in the fact 
that the bones in the base are of endochondral! nature. Meur- 
man“ believed that the vascularity of the meningioma offered 
the correct explanation. Ejisinger'* found productive bone 
response in his case of meningioma. Cushing" reports 25 per 
cent of his meningiomas as producing hyperostotic reaction of 
bone. 


The preservation of the labyrinth noted in the present case 
was also featured in Sullivan’s® case. It has been reported in 
other malignancies of the temporal bone. Leidler and Stern- 
berg,®° in discussing the resistance of the labyrinth to destruc- 
tion of tumor, pointed out that the membranous labyrinth has 
a vascular supply distinct from the rest of the temporal bone. 
It is also recognized that there exists a biological difference 
between the bony labyrinth and the temporal bone. Nager* 
stated that the endochondral part of the bony labyrinth is 
more resistant than other bone to destruction by tumor, 
although it will finally succumb. 


The preservation of the function of all cranial nerves with 
the exception of the VIIIth was a striking finding, in view 
of the extensive bone destruction, when one considers the 
close relationship between the cranial nerves and the bone as 
the nerves emerge through their foramina. This is a rare 
occurrence. Henschen** described a fibroma in the region of 
the foramen lacerum (Case 19), which did not affect the func- 
tion of the nerve passing through it. In the cases reviewed 
there was a closer relationship between the pathological 
destruction of bone and cranial nerve involvement. 


Pain in the temporomandibular joint must be considered 
as an important clinical symptom. Scott®™ and Colledge’ stress 
this symptom as one which should arouse suspicion of malig- 
nancy in this region. They mention A. Gray™ as being the 
first to make this observation. The severe bleeding caused by 
the removal of the polyp is not characteristic of meningioma, 
but rather of all malignant growths. This condition had been 
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cited in the earlier days of classical otology by Schwartze*’ 
and has been repeatedly substantiated. 


Intracranial pressure did not appear increased. There was 
neither choked disc nor X-ray evidence. One cannot assume 
however, that intracranial involvement is not present. Some 
meningiomas have been found in the posterior fossa without 
the presence of a choked disc. Due to the extensive bone 
destruction, an encephalography was not performed. Fischer* 
reported a fatality following encephalography under similar 
conditions. The lack of intracranial symptomatology may be 
due to the explanation advanced by Scott.*' He mentioned 
that malignant disease in the temporal bone meets a firm 
resistance by the dura in contrast to the facsile destruction 
of bone before intracranial involvement occurs. 


The history of trauma in this case brings up the question 
of causal relation. In this era of industrial and legal medi- 
cine, we are ever confronted with this problem. Cushing,"' 
who rejected the traumatic theory in general, was impressed 
with the frequency of a traumatic history in cases of menin- 
gioma. In all intracranial tumors in his experience, the inci- 
dence of trauma in the meningiomas was particularly high, 
nearly one-third of all his reported cases. He believed that 
even birth injuries may play an etiological rdle in the men- 
ingiomas of childhood. Cushing reviewed the literature on 
this subject, mentioning Marburg as in favor and Ewing”’ as 
highly skeptical as to the traumatic origin of tumors. In dis- 
cussing this point, Eisinger’* quoted Beneke as in favor of a 
casual relation and Spiller as opposed to it. Eisinger himself 
was uncertain. In the present case the relationship between 
trauma and tumor seems to be established as to time, as well 
as to location. In two of the cases quoted from the literature, 
there was a history of trauma. No note of its occurrence was 
made in the others. 


The tumor being undoubtedly a meningioma and therefore 
of arachnoidal origin, the predilection points of origin of 
meningiomas affecting the temporal bone should be men- 
tioned. Cushing’? referred to the diagram of Aoyagi and Ky- 
uno showing the situation of cell clusters of arachnoidal origin 
in the cranial base. Meningiomas are most frequently located 
in the region of these cell clusters. Mehler and Satz** reviewed 
the interesting discussion of the origin and distribution of 
Pacchioni’s granulations in the pyramid. - Erdheim'® and 
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Cushing*® were of the opinion that these arachnoidal hernias 
are a consequence of increased intracranial pressure. Wojno” 
assumed that these hernias were congenital defects in the 
leptomeninges. Ruttin‘? described such hernias in petrous 
bones of rachitic children and found many of them near the 
tegmen tympani. O. Mayer* was the first to correlate these 
hernias with otogenic meningitis. A further possibility of 
origin of a meningioma within the petrous bone is mentioned 
by Cushing,’* referring to Henschen, who observed in several 
cases typical endothelial cell nests between the larger branches 
of the nerve from which meningiomas might well arise. On 
the other hand, he mentioned Crowe as informing him that 
in his large collection of sectioned temporal bones, he encoun- 
tered only neurinomas and never primary meningiomas. 


Woltman and Love presented a case of multiple intracra- 
nial meningiomas with a polyp in the right external auditory 
canal. The polyp proved to be a meningioma. In his report 
of the operator, Love stated that “the dura mater was ele- 
vated from the floor of the right middle fossa and it was soon 
evident that the aural neoplasm could be connected with the 
tumor of the middle fossa. The floor of the fossa resembled 
a sieve because of the presence of several small depressions 
into which projections of the dura mater extended.” The 
presence of these depressions might suggest arachnoidal 
hernias. 


The prognosis in this case is grave not because of the his- 
tological malignancy of the tumor but because of its location 
and extensive bone destruction. Cushing® stated that this 
type frequently described as epitheliomatous or sarcomatous 
has as favorable a progress as the classical “dural endotheli- 
oma” or the fibroblastic types; however, when this type 
invades bone the prognosis is bad. Crowe’ also stressed the 
fact that meningioma which invades bone carries a bad prog- 
nosis. The steady progress of bone destruction as evidenced 
by the Roentgen findings, in spite of deep X-ray therapy, also 
indicates a grave prognosis. It is of interest to note that in 
the cases reviewed, the ages both of males and females were 
younger than the average age found in the large series 
reported by Cushing. It is recognized among other types of 
malignancy that those occurring in younger individuals carry 
a graver prognosis than similar types in the older age groups. 


No type of therapy seems to offer hope. - 
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SUMMARY AND CONCLUSIONS. 


A case of meningioma with extensive destruction of petro- 
sal, mastoid, sphenoid and occipital bones is reported. The 
symptoms of pain in the region of the right ear first appeared 
following trauma to the region. He came under observation 
two and a half years later with a polypoid mass presenting 
in the exterior auditory canal. Examination revealed a dead 
labyrinth, protective rigidity of the neck, and pain in the tem- 
poromandibular joint on motion, and occiput on pressure. 
X-ray examination revealed widespread destruction of bone, 
preservation of the labyrinth and complete absence of pro- 
ductive bone reaction. At the operation, the mastoid was 
found completely destroyed, there was profuse bleeding and 
the cavity was filled with small masses apparently of granu- 
lation tissue. Histological examination revealed a meningi- 
oma. The original diagnosis of the polyp was papilloma and 
of the operative specimen endothelioma. Re-examination 
revealed its true nature. The patient is still alive but is pre- 
senting progression of the disease. The literature is reviewed 
and the points of main interest discussed. 


I wish to express my appreciation to Dr. James R. Lisa, 
Pathologist of City Hospital, for his valuable assistance in 
the preparation of this paper. 
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OTOGENIC COMPLICATIONS. A DISCUSSION OF THE 
LITERATURE FOR 1941. 


Dr. LYMAN G. RICHARDS, Boston. 


The current review of the literature on complications of 
otitic sepsis for 1941 will be found to differ from previous res- 
umés in two important aspects: First, owing to the war, there 
is a marked reduction in the number of foreign publications, 
even in large reference libraries, which have heretofore been 
available in construction of such a summary. Moreover, par- 
ticularly in France, foreign medical contributions to this 
subject are all but nonexistent. A remedy for this situation 
is obviously not to be expected until the termination of hos- 
tilities. 

In the second place, it will be noted that no attempt has 
been made, as in former years, to offer a relatively complete 
abstract of individual articles. It has long been the feeling of 
this editor that such abstracts, particularly of case histories 
and descriptions of complicated operative and laboratory pro- 
cedures, were either too brief to give an adequate concept 
of the original article or so long as to save the reader but 
little time over the more leisurely reading of the original 
article. Such detailed abstracts have tended at times to con- 
sume an unwarranted amount of space in THE LARYNGOSCOPF 
and to force editorial exclusion of original articles. 


With the approval of the editor-in-chief, the current sur- 
vey, while listing the available bibliography, will endeavor to 
give a concise picture of the problem of otitic complications 
as offered by the literature of 1941, with emphasis on such 
points as may best help in a reader’s evaluation of what origi- 
nal sources he may wish to consult. 


MENINGITIS. 


As in past years, a preponderant number of articles deal 
with meningitis as a complication of otitic sepsis. It is inter- 
esting to note the fluctuation in the number of such articles in 
past years.In 1932 and 1934, prior to the accepted use of 
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chemotherapy, the Index Medicus listed 31 and 36 contribu- 
tions, respectively. With the sudden interest and amazing 
success in the use of chemotherapy there appeared in 1937, 
64, and in 1938, 57 articles recounting the miraculous effect 
of the sulfonamides in combating this heretofore highly fatal 
disease. With chemotherapy’s universally accepted value and 
the decline in the novelty of its successful use the Index for 
1940 shows only 18 articles and for 1942, 32. It is from these 
latter that the following observations are selected. 


Outstanding is the continued and almost universal testimony 
of the efficacy of the sulfonamides in reducing the mortality in 
otitic meningitis. No longer can any charge of wishful think. 
ing or biased reasoning be made. Too much evidence is at 
hand to deny the invaluable aid which chemotherapy has 
afforded in this field. It would seem now largely a question of 
improved forms of the specific drugs with even greater reduc- 
tion of their disadvantageous effects. 


As so often happens with any therapeutic innovation there 
is some evidence that the pendulum is tending a little in the 
oposite direction. Up to the present time there has been almost 
no disagreement among otologists as to the prime importance, 
in treating otitic meningitis, of surgical eradication of the 
focus in the mastoid before starting chemotherapy. More 
recently one encounters case reports where chemotherapy was 
started with the onset of symptoms, but surgery was delaycd 
or even omitted altogether with good results. The dangei's 
here are obvious. It is of course true that meningeal symptoms 
often antedate any signs of frank mastoiditis and many a rela- 
tively normal mastoid process has been vainly opened in an 
effort to combat meningitis. With the present dependability 
of chemotherapy it may now be justifiable in such instances to 
start chemotherapy to combat the spread of meningeal infec- 
tion, withholding surgery until such time as an evident mas- 
toid infection requires eradication. Such a plan of action, 
however, must always avoid the temptation to discard all 
surgery, providing reasonable indications for operative inter- 
ference are present. 


An excellent discussion of this subject is that of Lindsay.’ 
He feels that chemotherapy has lowered the incidence of sur- 
gical mastoiditis and the mortality of its complications but not 
necessarily their frequency per cent. This is in disagreement 
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with most other reports which stress the constantly decreasing 
incidence of sinus thrombosis and meningitis as complicating 
factors, quite apart from the reduction in the number of cases 
of surgical mastoiditis. 


Lindsay stresses the great importance of adequate dosage in 
administration of chemotherapy and the futility of allowing 
any set dosage table to govern the amounts given, the need for 
which must rest entirely on blood level determinations. He 
raises the question of the value of mastoid surgery in the 
absence of gross pathology but thinks surgery may at times be 
justifiable, if only to exclude a possible focus of infection. In 
the presence of any intra- or extradural or temporal bone 
infection, surgery is unquestionably necessary. Chemotherapy 
is at its best where there is a rapid extension of infection by 
vascular pathways before the onset of any gross bone destruc- 
tion. This is particularly the case in the small celled or 
sclerotic types of mastoid. It can be safely said that chemo- 
therapy tends to reduce the urgency of surgery but the latter 
always provides an added factor of safety. The greater the 
degree of pneumatization of the mastoid, the greater the 
resistance to chemotherapy. Any signs indicative of the 
extension of suppuration to wider fields calls for chemother- 
apy. Recurrence of infection or exacerbation, after apparent 
control, may be due to a fall in the blood concentration per- 
mitted because of apparent subsidence of infection with 
greater subsequent difficulty in regaining ascendency. Lindsay 
advocates a blood level of 15 mgm. for five to seven days and 
no reduction until the spinal fluid has been found normal for 
two days. 


Bloom? in discussing the early diagnosis of otitic menin- 
gitis in children gives further support to the above-mentioned 
trend to treat meningeal symptoms by chemotherapy before 
undertaking any mastoid surgery unless the need for the 
latter is perfectly evident. Later eradication of a surgical 
focus does not apparently jeopardize the chances for recov- 
ery. The onset of signs of supposed toxicity to the drug 
during treatment for uncomplicated otitis must not be mis- 
taken for development of meningitis and should warrant 
immediate lumbar puncture. 


The bulk of the contributions to the chemotherapeutic 
treatment of meningitis deal with cases of pneumococcic 
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infections. This is unquestionably the result of the former 
high mortality associated with pneumococcic meningitis, 
recovery from which still ranks with the outstanding achieve- 
ments of modern medicine. In this connection the report of 
Thompson and Ward* is of special interest. Their patient. 
afflicted with a pneumococcic type I meningitis was treated 
entirely by sulfapyridine. Two weeks later, after returning 
home, the patient required a mastoidectomy for local infec- 
tion. Operation was apparently deliberately postponed until 
recovery from the meningitis. To what extent this procedure 


will prove dependable and free from risk would still seem 
debatable. , 


Williams‘ presents a series of cases of otitic meningitis, 
treated both before and after the advent of chemotherapy, 
in which the high mortality is ascribed to inadequate dosage 
of the drugs. In connection with this subject he voices the 
opinion that with chemotherapy as now available, surgery 
in the labyrinth is advisable only in the presence of menin- 
gitis. His analysis of 40 cases is well compiled and affords 
an interesting summary of a sizable group of patients. 


Reporting two cases of pneumococcal meningitis, Moore’ 
adds further thought to the question of immediate chemo- 
therapy and subsequent surgery particularly in an acutely ill 
patient for whom adequate surgery might prove an unjusti- 
fiable risk. He advocates immediate determination of the 
infecting organism and, in the presence of the pneumococcus, 
the administration of type specific serum in large doses. 
Immediate operation, formerly so universally considered im- 
perative, he feels is not necessary. In one of his two cases, no 
operation at all was performed, recovery taking place after 
the use of chemotherapy and serum. 


Key® describes an interesting instance of a dual meningeal 
infection in which the spinal fluid contained both streptococci 


and meningococci. Use of specific serum for each organism 
was followed by recovery. 


In previous reviews on this subject, there have been several 
summaries of reports on otitic meningitis due to Bacillus pro- 
teus. Cragg’ presents an extensive summary of the literature 
on this form of meningitis and reports a case in which a 
patient suffering from chronic otitis and mastoiditis subse- 
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quently developed meningitis, lateral sinus thrombosis and 
lung abscess, despite jugular ligation. B. proteus was recov- 
ered from the blood, spinal fluid, ear, the mastoid and the 
lung abscess. Treatment consisted of mastoidectomy, jugular 
ligation, rib resection, chemotherapy and blood transfusions. 


This organism is often a contaminant of chronic otitis but 
is rarely the etiological pathogen. The literature records 12 
cases of meningitis with two recoveries, and 13 cases of 
septicemia with five deaths. The author believes that chemo- 
therapy was an important factor in the patient’s recovery. 


In a discussion of the same subject Cunningham and Wil- 
liams* point out that if mouth administration of the sulfona- 
mides fails to maintain an adequate blood level, then intra- 
venous measures must be adopted. In the report of a case 
of pneumococcal infection thus treated, the authors stress the 
following features: 


1. An infection so virulent that the patient would never 
have recovered without chemotherapy. 


2. The masking effect from incorrect chemotherapy. 


> 


3. Importance of the elimination of the focus of infection. 


/ 


4. The need of an adequate blood concentration. 


They advocate a blood level of 18-20 mgm. during the period 
of acute infection and a prolongation of therapy for two 
weeks after apparent cure. Repeated spinal drainage should 
be routinely carried out together with daily blood level deter- 
minations and transfusions containing the necessary amount 
of sulfonamide. Additional level determinations should he 
made at night and the drug given intravenously. 


THROMBOSIS OF THE LATERAL SINUS. 


In cases in which no gross thrombosis is evident when the 
lateral sinus is operatively exposed, Brunner’ makes the 
somewhat novel distinction between latent thrombosis and 
postoperative thrombosis. In each there is a distinct clinical 
picture. 


In latent thrombosis symptoms are not present at the orig- 
inal mastoidectomy and the sinus wall shows no abnormali- 
ties, but immediately thereafter fever and systemic symptoms 
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point to pathology within the vein. The process, unlike peri- 
sinus phlebitis from adjacent mastoiditis, is endophlebitic and 
arises in small peripheral branches which propagate infection 
within the lumen. Postoperative thrombosis, on the other 
hand, is not present until some time after the mastoidectomy 
and arises from secondary surface infection of the exposed 
vein wall, particularly if the latter is covered by a tissue 
surface which favors pocketing off the infection. Thus there 
is an afebrile period after operation and no preoperative signs 
of sinus infection. 


Brunner believes that it is this type of thrombosis that 
leads to thinning of the vein wall with occasional spontane- 
ous hemorrhage. It is more commonly seen after operation 
for chronic otitis, whereas latent thrombosis more frequently 
follows acute infection. He does not believe that incomplete 
mastoidectomy is necessarily the cause of such a complication 
nor that sinus exposure predisposes to it, providing that no 
trauma is inflicted on the vein at the time of exposure. 


In an excellent summary of 119 cases of sinus thrombosis, 
Hubert'® advocates chemotherapy as an adjunct to surgery, 
particularly for its effective prevention of meningitis and as 
a valuable postoperative measure. He feels that the throm- 
botic focus must be eradicated and that reliance on chemo- 
therapy alone in sinus thrombosis is not advisable. He ana- 
lyzes two groups of cases, one before and one after the advent 
of chemotherapy, and shows that the use of sulfonamides has 
doubled the percentage of recoveries. 


Friesner™ analyzes the change in the ocular fundus in 
patients with sinus thrombosis and particularly after jugular 
ligation. It has been commonly thought that such venous 
occlusion would automatically produce fundus changes on the 
following grounds: 


1. Venous Stasis: Friesner’s findings tend to discredit this 
explanation, since in his cases fundus changes were often 
present postoperatively, were likewise found from four to 
six weeks postoperatively, and since the fundus was often 
already completely blocked before ligation. 


2. Increased Intracranial Pressure: In many of Friesner’s 
cases this finding was not present. 
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8. Toxic Effect: In Friesner’s group of cases, papilledema 
often receded while the patient was still quite toxic and like- 
wise increased during the obvious recession of sepsis. He 
feels that dural edema, involving the lumen of the cranial 
blood sinuses, plays a more important part in fundus changes 
than does ligation or occlusion of the latent sinus. 


Feldman” reports on sinus thrombosis as the result of 
infection from the colon bacillus and feels that this organism 
is particularly prone to produce secondary change in the 
venous channels of the head. He submits an excellent sum- 
mary of the pertinent literature, concluding that such infec- 
tions carry a higher than average mortality but occur with 
gratifying rarity. 


Periodically reports appear in otological literature of bilat- 
eral ligation of the jugular vein, almost always, however, 
with a time interval permitting establishment of some collat 
eral circulation. Brown" adds another instance to this inter- 
esting group. Ligations were spaced 10 days apart but in 
each instance simple phlebitis was unaccompanied by true 
thrombosis. This of course raises the much discussed ques- 
tion of the necessity of ligation in the absence of true 
thrombosis. 


Sacks’ offers the suggestion of a type of plug for control 
of bleeding after operative opening of the lateral sinus which 
can be removed gradually without the usual risk of clot dis- 
lodgement and secondary hemorrhage. Removal starts from 
the center of a gauze roll rather than the periphery, leaving 
the portion of the gauze in contact with the vein wall to be 
removed at the latest possible moment. 


LABYRINTHITIS. 


The scarcity of articles dealing with infections of the laby- 
rinth would seem to indicate that this complication is decreas- 
ing in frequency with the continued use of chemotherapy. 
Operative technique is satisfyingly described by Gutteridge,'* 
with summaries of the accepted varieties of procedure in cur- 
rent use. He outlines his own method, of which the outstand- 
ing feature is assurance of preservation of the facial nerve 
from injury. 


That the labyrinth has been a frequent portal of entry for 
meningeal infection has long been recognized, and it has usu- 
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ally been felt advisable to employ some form of labyrinthine 
surgery in attacking this problem. With the advent of chem- 
otherapy it may prove less necessary to sacrifice the labyrinth 
when the latter is not subject to gross necrosis. Grove and 
Strauss’ call attention to this possibility and cite a case of 
labyrinthine meningitis in which chemotherapy without laby- 
rinthine surgery sufficed to cure the patient. On this basis 
they make a plea to leave a nonnecrotic labyrinth alone in the 
presence of a complicating meningitis. 


Seward,’ however, favors labyrinthine drainage in the face 
of a complicating meningitis in spite of the early application 
in his case of chemotherapy — less than 12 hours after the 
appearance of meningitis. Since no satisfactory lead in all 
other portions of the mastoid could be found, the author felt 
that labyrinthectomy was justifiable in the face of a men- 
ingitis. 


BRAIN ABSCESS. 


Very little with respect to advancements in the treatment 
of otitic brain abscess has appeared during the past year. As 
might be anticipated, more effective treatment of otitic sepsis 
has tended to reduce the frequency of extension to the brain 
tissues. That chemotherapy cannot be trusted too far in this 
connection is evidenced by the case of Snyder,'* in which the 
patient, following recovery under chemotherapy from men- 
ingitis secondary to petrositis, succumbed to a brain abscess 


developing later and discovered too late to be amenable to 
drainage. 


Poe’® calls attention to the value of a group of less com- 
monly described subjective symptoms of disturbed cortical 
functions which he feels are of great importance in the diag- 
nosis of abscess of the brain. He describes the detection of 
these abnormal findings in connection with a case of spheno- 
temporal lobe abscess and stresses in this connection the 
importance of accurate timing of the operation and of estab- 
lishment of the duration of the abscess. 


PETROSITIS. 


In view of the interest occasioned several years ago by the 
first descriptions of surgical approaches to the previously 
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unreached portions of the petrous pyramid, it is somewhat 
surprising to note how relatively little is now written on this 
subject. Unquestionably surgical novelties must with time 
take their place as the accepted procedures and become less 
frequent objects for literary discussion. Moreover, petrous 
infections which heretofore so often led to meningitis are 
often incorporated under discussions of this more spectacular 
complication. An excellent resumé of the present status of 
petrous pyramid surgery is that of Swinburne,” and covers 
the anatomy, pathology, symptomatology and operative tech- 
nique. Details are given of the Almour, Eagleton, Ramadier 
and Lempert operations and a discussion of their relative 
merits and indications for their selection. 


Were any reader of 10 years ago to peruse even the limited 
number of articles in this review, he would without question 
feel that, in comparison with his own heartbreaking experi- 
ences with otitic complications, a new era had already dawned, 
with every promise of even brighter prospects for the future. 
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IN MEMORIAM 


JOHN LAZIER MacDOWALL, M.D. 
1877-1942. 


We regret to announce the death of Dr. John Lazier Mac- 
Dowall at his home in Perth Amboy, N. J., July 21, 1942. 


He was a retired surgeon of the U. S. Naval Reserves and 
rendered valued assistance in the rescue of passengers from 
the ill-fated Moro Castle. 


Dr. MacDowall was born Aug. 29, 1877, at Demorestville, 
Ontario, and received his M.D. degree from Queen’s Univer- 
sity, Kingston, Ontario, in 1903. After graduation he went 
to New York for postgraduate work at Manhattan Eye and 
Ear Hospital, where for some years he was assistant surgeon. 


In 1905 he moved to Perth Amboy, N. J., where he 
became affiliated with the staff of the City Hospital as Oph- 
thalmologist. 


Dr. MacDowall was of Scotch, Dutch-English and French- 
Huguenot descent, his ancestors having settled in New Eng- 
land in the late seventeenth and early eighteenth centuries. 
His great-grandfather was the first Presbyterian minister 
in upper Canada, going there from New York in 1798. 


Football and hockey were Dr. MacDowall’s favorite sports. 
He was a member of the Canadian Club of New York, the 
Elks Club, Phi Sigma Kappa and the American Medical 
Association. 


He is survived by one brother, R. J. MacDowall, and two 
sisters, Mrs. W. L. McFarland and Mrs. K. Johnson, all of 
Canada. T. E. W. 


BOOK REVIEW. 


Nasal Sinuses. An Anatomic and Clinical Consideration. By O. E. Van 
Alyea, M.D., Assistant Professor, Department of Laryngology, Rhin- 
ology and Otology, University of Illinois College of Medicine, Chi- 
cago. Two hundred sixty-two pages with Index and 82 illustrations. 
Baltimore: The Williams and Wilkins Co., 1942. Price $6.50. 


This book comprises a complete study of the Sinuses: Anatomy, 
Pathology, Histopathology, Therapy and Complications. Far the best 
portion of the book is that devoted to the anatomy of the various sinuses 
and their deviations from normal. Dr. Van Alyea’s work along this line 
is outstanding, and most of what he has written is the result of his own 
observations. 


The illustrations are prolific and beautifully reproduced; several color 
plates in the Histopathology of the Nasal and Sinus Mucosa are par- 
ticularly excellent. 


Dr. Van Alyea has reviewed the literature extensively but not com- 
pletely. He has followed the common practice of giving equal emphasis 
to articles that are good and to those that are not so good and is not 
emphatic in his agreements or disagreements with the quoted works. 


The great failing in the book is that the reader, in many instances, is 
left completely in doubt as to what is Dr. Van Alyea’s own opinion on 
many subjects. It seems to this reviewer that this is particularly unfor- 
tunate because the author has had considerable experience and is a 
well known sinusologist. The reader would be happier with a more con- 
densed bibliography and a more definite idea of the author’s own opinion. 


This book should have a place among the required texts of any post- 
graduate course and in the reference library of every rhinologist. 
T. E. W. 





